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FOREWORD 


wpt-p'^h''  methods  Of  task  and  skill  analysis  described  in  this  procedural  guide 
were  developed  during  research  in  HumRRO  Task  FORECAST,  which  is 

demands  means  for  accurately  forecasting  the  training 

demands  imposed  by  new  electronic  weapon  systems. 

Pnn«f  ^7  forecasting  training  needs  for  a  guided  missile  system  were 

str acted  and  experimentally  evaluated  in  Subtask  FORECAST  I.  This  phase 
of  the  research  is  described  in  HumRRO  Technical  Report  63,  Determining 
raining  Requirements- for  Electronic  System  Maintenance:  Pev'ilBDmPnt  aL 
-p,  t  Knowledge  Analysis,  by  Edvar  T..  Shrivp. 

forecast  analysis  was  modified  and  refined  in 

FORECAST  II,  in  which  transfer  of  training,  increased  proficiency,  and 

equipment-minimizing  effects  of  the  method  were  studied.  A  study  of  the 
application  of  the  FORECAST  concepts  to  equipment  other  than  that  on  which 
the  methods  were  developed  was  also  conducted;  and  these  procedures  have 
now  been  incorporated  in  the  IMPROVED  NIKE  HERCULES  HIPAR  course 
a  e  Ordnance  Guided  Missile  School  in  conjunction  with  FORECAST  III. 
fnr.  II  believed  that  the  procedures  described  herein  can  serve  as  a  basis 
further  implementation  or  development  of  this  type  of  analysis  by  person¬ 
nel  working  in  this  technical  field.  peison 
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A  Procedural  Guide 
for  Technical  Implementation 
of  the  FORECAST  Methods  of  Task  and  Skill  Analysis 


Section  1 


INCREASING  TROUBLE  SHOOTING  PROFICIENCY 
BY  MEANS  OF  THE  FORECAST  SYSTEMS-ANALYSIS  APPROACH 

INTRODUCTION 

The  objective  of  Task  FORECAST  of  the  Human  Resources 
Research  Office  is  to  develop  methods  for  accurately  forecasting  the 
training  demands  imposed  by  new  electronic  weapon  systems.  Making 
forecasts  of  training  programs  is  not  new  to  the  Army.  On  the  contrary^ 
in  the  area  of  radar  maintenance  it  is  standard  practice.  The  degree 
of  accuracy  of  present  forecasts  is  sufficient  for  electronic  equipments 
as  they  currently  exist.  But  with  increasingly  complex  electronic 
systems,  it  is  becoming  very  difficult  to  accurately  forecast  the  skills 
and  knowledges  that  the  maintenance  man  must  have  in  order  to  main¬ 
tain  these  new  systems.  Task  FORECAST  is  an  attempt  to  provide 
methods  of  improving  the  accuracy  of  such  forecasting.  This  manual  is 
a  description  of  the  methods  developed  in  the  FORECAST  research  for 
that  purpose. 

It  is  recognized  that  if  every  repairman  could  be  trained  as  a  grad¬ 
uate  engineer,  repair  proficiency  probably  would  improve.  Why  should 
this  be  so?  It  is  because  an  electronic  system  appears  to  be  completely 
unstructured  until  it  is  understood  in  terms  of  the  electronic  events  that 
occur  within  it.*  Once  the  relation  of  the  parts  of  a  system  to  its  func¬ 
tions  is  understood,  the  parts  of  the  system  become  meaningful.  They 
can  be  understood  in  terms  of  what  they  are  for  and  what  will  happen  if 
they  malfunction.  Such  understanding  enables  a  repairman  to  efficiently 
maintain  and  repair  the  system. 

Unfortunately,  with  existing  limitations  in  training  time  and  human 
capabilities,  training  schools  can  not  produce  graduates  who  have  the 
desired  breadth  of  understanding  of  electronics.  We  can  no  longer 
assume  that  30  weeks  of  electronics  training  will  provide  the  skills  and 
knowledges  required  of  a  repairman  for  the  more  complex  systems. 
After  such  training,  the  repairman  still  does  not  have  at  his  disposal  all 
the  information  that  he  needs.  It  appears,  then,  that  improvements  in 
proficiency  must  come  through  increases  in  the  accuracy  of  identifying 
the  demands  of  a  particular  job,  rather  than  through  an  across-the-board 
increase  in  all  engineering  skills  and  knowledges  — at  least  during  the 
first  enlistment.  It  is  this  reasoning  which  suggests  that  a  change  in  the 


A  general  description  of  the  functioning  and  conceptual  structure  of  electronic  weapon 
systems  is  given  in  Appendix  A. 
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traditional  forecasting  approach  is  needed,  if  the  proficiency  of  main¬ 
tenance  men  is  to  be  increased  under  present  restrictions  of  time  and 
human  capacities. 

It  was  reasoned  that  proficiency  could  be  increased  within  existing 
limitations  if  more  pertinent  and  better  organized  electronics  informa¬ 
tion  were  made  available,  by  some  means,  to  the  maintenance  man.  It 
was  reasoned,  also,  that  this  information  could  be  obtained  by  first 
arranging  the  parts  of  an  electronic  system  on  schematic  diagrams  in 
such  a  way  that  the  inherent  structure  of  the  system  could  be  more  easily 
perceived  in  terms  of  trouble  shooting.  The  structure  could  then  be 
analyzed  to  determine  the  skills  and  knowledges  required  for  the  repair¬ 
man  to  understand  and  employ  it. 

The  traditional  way,  mentioned  above,  is  to  give  the  student  a  broad 
training  in  electronics  so  that  he  can  use  this  knowledge  to  determine 
for  himself  the  organization  of  the  system.  The  FORECAST  approach 
IS  to  have  experts  organize  the  system  on  schematic  and  block  diagrams, 
and  teach  the  student  how  to  use  this  organization  to  maintain  and 
repair  the  system. 

By  first  structuring  the  system  from  the  standpoint  of  maintenance 
and  then  deriving  training  content  in  support  of  that  structure,  it  is 
believed  that  training  demands  can  be  determined  more  accurately.  If 
these  determinations  can  be  made  from  information  about  the  system 
(such  as  schematic  diagrams)  available  before  the  system  is  produced, 
the  total  process  can  be  considered  a  forecasting  tool. 

This  introduction  has  sketched  the  research  problem  undertaken  by 
Task  FORECAST.  It  serves  also  to  outline  the  nature  of  the  solution; 
that  is,  to  organize  the  system  rigorously  and  then  determine  the  train¬ 
ing  demands  imposed  by  that  organization. 


THE  TROUBLE  SHOOTING  PROBLEM 

What  Is  the  Job  of  Army  Radar  Maintenance? 


The  job  of  Army  radar  maintenance  is  to  accomplish  all  things 
necessary  to  keep  radar  systems  operating  within  tolerance  limits  after 
they  are  owned  by  the  Army.  The  maintenance  job  may  be  defined  in 
terms  of  the  following  subjobs  performed  by  maintenance  men;  (l)  pre¬ 
ventive  maintenance,  (2)  repairs,  (s)  adjustments,  (4)  system  modifi¬ 
cations,  and  (5)  trouble  shooting.  These  jobs  are  accomplished  with 
common  and  special  test  equipment. 

In  general,  organizational  maintenance  is  responsible  for  preventive 
maintenance,  adjustments,  and  trouble  shooting  to  the  levels  of  chassis 
or  tube.  In  doing  this,  common  test  equipment  is  used.  Ordnance  main¬ 
tenance  is  responsible  for  all  the  above  and,  in  addition,  for  trouble 
shooting  to  parts  and  replacement  of  parts,  effecting  repair  of  the  system; 
in  doing  this  both  common  and  special  (Ord  6)  test  equipment  is  used. 
Ordnance  maintenance  is  responsible  also  for  modifying  systems  in 
accordance  with  explicit  instructions. 

It  is  generally  recognized  that  preventive  maintenance  and  adjust¬ 
ments  involve  following  rather  routine  instructions.  In  a  somewhat 
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similar  fashion,  using  the  Ord  6  equipment  necessitates  following  printed 
mstructions  on  an  Instruction  Card  (IC).  System  modifications  also 
involve  the  ability  to  follow  instructions  in  schematic  form.  Finally 
the  replacement  of  parts  needed  to  complete  repairs  (after  trouble  shoot¬ 
ing  IS  accomplished)  calls  for  only  a  certain  amount  of  manual  dexterity 
and  soldering  skill.  In  fact,  the  only  subjob  done  by  maintenance  men 
that  IS  not  fairly  routine  is  trouble  shooting.  This  includes  trouble 
s  ooting  to  chassis  and  tubes  (organizational),  and  to  parts  (ordnance). 

It  includes  ^so  the  trouble  shooting  that  must  be  accomplished  when 
e  routme  Ord  6  “IC”  does  not  direct  the  maintenance  man  to  replace 
a  specific  part-but  merely  indicates  a  general  area  in  which  the  mal¬ 
functioning  part  must  lie. 

1  concerned  primarily  with  the  trouble  shooting  prob¬ 

lem.  This  does  not  mean  that  the  other  subjobs  of  maintenance  have 
been  ignored,  but  only  that  the  amount  of  time  now  devoted  to  them  is 
sinall  and  their  content  tends  to  be  relatively  routine.  Changes  in  these 
subjobs  would  not  have  the  impact  of  changes  in  trouble  shooting  proce¬ 
dures  Consequently,  the  FORECAST  effort  has  been  mainly  directed 
toward  trouble  shooting,  and  this  manual  reflects  that  emphasis.  It  does 
not  imply  that  a  training  program  based  on  the  FORECAST  approach 
would  Ignore  training  in  the  more  routine  aspects  of  maintenance. 

Trouble  Shooting 


The  term  trouble  shooting  means  identifying  the  cause  of  an  out-of- 
tolerance  system  output.  In  electronic  equipment  it  is  a  process  which 
involves  the  successive  elimination,  by  interpretation  of  symptoms  and 
measurements,  of  those  parts  of  the  system  that  are  not  causing  the 
trouble.  Using  the  electronics  information  at  his  disposal  (e.g.,  signal 
flow),  the  repairman  makes  a  series  of  deductions  which  progressively 
narrow  the  source  of  the  malfunction  to  one  or  more  out-of-tolerance 
parts  (e.g.,  resistor,  capacitor,  cable).  Replacement  or  adjustment  of 
these  parts  constitutes  repair  of  the  system. 


Need  for  Increased  Trouble  Shooting  Proficiency 

Making  deductions  from  symptom  information  about  the  condi- 
lon  of  electronic  parts  can  be  yery  easy  or  very  difficult,  depending  on 
the  circuits  involved.  In  some  cases  these  deductions  can  be  so  difficult 
that  even  the  person  who  designed  the  circuit  has  trouble  in  accurately 
deducing  what  parts  may  be  defectiye. 

Although  Army  electronics  schools  today  devote  30  weeks  to 
radar  repair  training  programs,  it  is  generally  recognized  that  even 
this  IS  too  short  a  time  for  a  repairman  to  acquire  the  fund  of  electronics 
knowledge  that  would  enable  him  to  make  ^  the  deductions  necessary 
for  locating  all  possible  malfunctions  of  a  radar  system.  It  is  true  that 
sufficient  knowledge  for  repairing  a  certain  percentage  of  possible 
malfunctions  is  currently  obtained  by  the  repairman  during  his  30  weeks 
of  training.  The  exact  percentage  is  debatable.  It  is  not  the  aim  of 
Task  FORECAST  to  provide  exact  data  on  this,  but  rather  to  develop  a 
means  whereby  the  graduate  repairman  can  have  more  pertinent  and 
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better  organized  electronics  information  at  his  disposal,  and  will  thus 
be  able  to  maintain  a  radar  system  even  better  than  he  does  today. 

Current  Concepts  of  Trouble  Shooting  Training 

Current  trouble  shooting  training  is  based  on  the  philosophy 
that,  to  trouble  shoot  a  radar  system,  a  repairman  should  have  sufficient 
knowledge  to  be  able  to  compute  the  correct  value  at  every  possible  check 
point  in  the  system.  As  a  corollary  to  this,  he  should  have  the  knowledge 
to  enable  him  to  determine  the  parts  of  the  system  that  affect  the  values 
at  every  point. 

This  philosophy  of  training  prescribes  two  principal  types  of 
electronics  knowledge:  basic  electronics  and  system-specific  electronics. 
The  basic  electronics  deals  with  general  electronics  information,  includ¬ 
ing  general  methods  for  computing  circuit  values.  System-specific 
information  is  concerned  with  detailed  circuit  analyses  which  describe 
the  theory  of  how  the  electrons  flow  through  particular  circuitsto  achieve 
the  effects  produced  by  those  circuits.  This  provides  a  general  back¬ 
ground  for  determining  the  parts  that  affect  readings  at  all  points  in  the 
system.  In  addition  to  this  electronics  information,  repairmen  also  are 
provided  with  some  information  on  the  probabilities  that  various  types 
of  parts  will  malfunction.  From  these  knowledges  the  repairman  is 
expected  to  draw  the  information  required  to  determine  which  parts  in 
the  system  are  within  tolerance  and  which  are  out  of  tolerance  for  any 
particular  malfunction.  It  is  unfortunate,  but  true,  that  students  cannot 
learn  enough  of  this  general  type  of  information  in  30  weeks  to  apply  it 
with  maximum  effectiveness  to  the  job  of  system  repair. 

It  is  easy  to  see  that  this  fundamental  concept  of  electronics 
training  is  a  desirable  goal.  And  certainly,  with  sufficiently  long  train¬ 
ing,  enough  general  engineering  electronics  could  be  taught  to  substan¬ 
tially  increase  the  accuracy  of  trouble  shooting. 

However,  at  the  present  time  course  length  cannot  be  extended. 

In  addition,  training  program  success  is  somewhat  limited  by  the  aptitude 
of  the  trainees.  Even  men  with  intelligence  substantially  above  average 
would  require  much  longer  than  30  weeks  to  learn  all  the  electronics 
needed.  Finally,  there  is  the  practical  limitation  of  the  three-year 
enlistment  period  for  repairmen. 

The  FORECAST'  goal  is  to  develop  an  approach  that  will 
increase  the  amount  of  pertinent  electronics  information  available  for 
the  trouble  shooting  process  without  increasing  the  amount  the  repair¬ 
man  must  memorize  during  training. 


THE  FORECAST  SYSTEMS-ANALYSIS  APPROACH 

Organizing  the  System  for  Trouble  Shooting 

The  Basic  FORECAST  Approach 

As  in  the  traditional  philosophy  of  training,  the  FORECAST 
approach  is  concerned  with  the  body  of  electronics  knowledge  from  which 
trouble  shooting  deductions  are  made. 
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The  important  departure  of  the  FORECAST  concept  from  the 
traditional  philosophy  is  in  the  means  of  selecting,  generating,  and 
organizing  a  particular  body  of  knowledge  and  placing  it  at  the  repair¬ 
man  s  disposal.  It  is  this  specific  information  which  represents  a  more 
accurate  estimate  of  training  demands  than  does  the  traditional  forecast 
of  broad  electronics  knowledge.  Thus  the  FORECAST  procedures  are 
unique  not  in  producing  a  way  to  forecast,  but  rather  in  producing  a  set 
of  specifications  for  forecasting  more  accurately.  In  addition  to  pro¬ 
viding  the  specifications  for  selecting,  generating,  and  organizing 
electronics  knowledge,  the  FORECAST  approach  employs,  as  system 
analysts,  experienced  and  especially  competent  repairmen,  who  use  the 
specifications  to  produce  the  information  needed  for  the  trouble  shooting 
process.  It  is  by  this  means  that  accurate  information  is  placed  at 
the  disposal  of  the  repairman.  These  two  points  are  the  key  to  the 
FORECAST  approach. 

Let  us  first  consider  the  question  of  selecting,  generating,  and 
organizing  pertinent  electronics  knowledge.  Of  the  different  kinds  of 
knowledge  required  for  electronics  maintenance,  two  are  of  prime 
importance;  (l)  what  the  measured  values  at  various  points  in  the  sys¬ 
tem  should  be,  and  (2)  what  portions  of  the  system  affect  the  values 
measured  at  those  points. 

This  type  of  knowledge  is  essential  for  trouble  shooting 
because  of  certain  peculiarities  of  electronic  equipment.  One  peculi¬ 
arity  is  that  the  values  measured  at  different  places  in  the  system  are 
affected  by  a  widely  varying  number  of  parts.  For  example,  a  measure¬ 
ment  at  one  point  may  be  affected  by  5,000  individual  parts,  while  a 
measurement  at  another  may  be  affected  by  only  100  parts,  or  10  parts, 
or  one.  This  fact  makes  it  possible  for  a  trouble  shooter  to  narrow  the 
malfunction  to  a  specific  part  by  a  series  of  tests  with  successively 
less  generality. 

What  measurement  points  must  the  repairman  know  about  to  do 
his  job  effectively?  As  has  been  stated,  one  traditional  answer  is  that  he 
must  have  the  basic  knowledge  to  determine  or  compute  the  correct 
value  at  every  possible  point  in  the  system.  This  answer  also  implies 
that  the  repairman  knows  or  is  able  to  determine,  the  parts  of  the  system 
that  affect  the  values  at  every  point. 

The  above  answer  is  traditionally  coupled  with  a  trouble  shoot¬ 
ing  procedure  commaaly  l^iown  as  “signal  tracing.”  This  procedure 
makes  use  of  a  general  trouble  shooting  logic  which  states  that  when  a 
stage  has  good  signal  inputs  but  one  or  more  bad  outputs,  then  the  trouble 
must  lie  somewhere  within  that  stage.  This  logic  seems  simple  and 
straightforward,  but  its  practical  value  has  been  limited  because,  in  the 
traditional  approach,  the  specific  parts  contained  within  the  stage  are 
never  identified.  It  is  easily  seen  that  there  is  no  need  for  this  identi¬ 
fication  of  parts  within  the  traditional  training  philosophy;  the  repairman 
is  expected  to  use  his  general  and  system-specific  electronics  informa¬ 
tion  to  deduce  for  himself  what  parts  belong  within  each  stage,  as  well 
as  the  value  of  the  stage  output.  However,  as  has  been  pointed  out  before, 
repairmen  cannot  learn  sufficient  electronics  in  30  weeks  to  be  able  to 
make  all  these  deductions. 
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It  IS  because  of  this  limitation  that  the  FORECAST  approach 
uses  certain  procedures  performed  by  electronics  experts  to  determine 
in  yvance  of  any  malfunction  just  what  parts  can  affect  a  measurement 
check  point  that  defines  the  stage  output.  It  can  be  estab- 
shed  that  particular  parts,  and  only  those  parts,  can  affect  a  given 
reading,  and  that  none  of  them  can  affect  a  measurement  made  at  any 
point  ear^  m  the  signal  flow.  Through  this  analysis,  appropriate 
check  points  throughout  the  system  are  identified,  along  with  the  toler¬ 
ances  for  the  measurement  to  be  taken  at  each  point.  This  knowledge 
allows  the  simple  logic  of  trouble  shooting  to  be  a  useful  tool  for  tL 

^  skills  and  knowledges  appropriate  for  trouble 

shooting  are  selected  and  organized  into  a  form  that  puts  more  pertinent 
information  at  the  disposal  of  the  repairman.  The  means  for  doing  this 
are  described  m  the  next  section.  ^ 

of  thP  summary, the  FORECAST  analysis  results  in  an  organization 
e  system  into  a  series  of  trouble  shooting  blocks  having  the  purpose 
making  the  traditional  trouble  shooting  logic  function  infallibly- 
without  error  or  ambiguity.  This  is  accomplished  through  bringing  the 
ys  em  and  the  logic  into  congruence  through  the  FORECAST  process 
of  system  analysis.  ^ 


Setting  the  Limits  of  the  Trouble  Shooting  Block 

in  which  shooting  logic  is  appropriately  applied  to  linear  chains 

1  which  the  signal  moves  in  one  direction  and  can  be  traced  along  its 
path.  However,  the  signal-flow  logic  can  not  be  used  to  identify  all 
affect  dt  Pa^'ts  because  the  path  the  signal  follows  is 

aux'narv  Lths  n  Paths  that  are  r^t  directly  in  the  signal  flow.  These 
xihary  paths  consist  of  groups  of  parts  or  small  chains  of  parts  that 

A  SIraSter- 

istic  Of  these  small  chains  is  that  the  signal-flow  information  (measured 

°h  always  show  which  of  a  number  of 

ging  chains  is  causing  the  interruption  in  signal  flow-only  that 
there  is  a  malfunction  in  one  of  them.  This  characteristic  of  ele^ctronic 

thToT'^t  boundaries  of  the  blocks,  and  determines 

Ire  d  r  H  system  logic  can  no  longer  be  used.  That  is,  the  blocks 

ILntfr  that  can  not  be  individually  identified  through 

signal  ilow  information  are  within  the  block.  (This  boundary  situation 
occurs  with  physical  subdivisions  generally  much  smaller  than  chassis.) 

may  appear  that  block  boundaries  cannot  be  rigidly  defined 
because,  with  greater  knowledge  of  electronics,  more  can  be  deduced 
about  the  specific  location  of  a  malfunction  from  signal-flow  information 

at°wMch  ^  perfect  electronics  knowledge,  a  point  will  be  reached' 

at  which  a  signal  reading  will  be  ambiguous  because  it  is  produced  by 

h  r  ^  P^^'^s  or  chains  of  parts,  each  of  which 

contributes  to  the  signal.  The  FORECAST  concept  is  that  system 
experts  follow  certain  procedures  to  determine  the  point  at  which  signal- 

ambiguous.  This  point  marks  the  limit  of  the 
trouble  shooting  block.  These  blocks  contain  the  fewest  possible  parts, 
as  to  keep  signal- flow  logic  applicable  as  long  as  possible.  Within 
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the  block,  another  type  of  measurement  will  be  used  to  investigate  each 
of  the  converging  chains  independently.  estigate  each 

Within-Block  Trouble  Shooting 

It  has  been  pointed  out  that,  with  the  FORECAST  approach 

be  subject  to  more  than  one  interpretation- always  at  the  edge  of  a 

the  FORECAST  approach also^provides 
procedure  for  selecting  and  organizing  a  different  type  of  measure¬ 
ment  so  that  the  same  t^  of  logic  that  supports  signal-flow  analysis 
n  be  applied  wi^  the  trouble  shooting  block.  That  is,  the  logic  is 
the  same  but  the  elements  the  logic  refers  to  are  changed.  Signal  flow 

Resis^n  H/  the  logic  in  the  case  just  considered. 

Resistance  and/or  voltage  measurements  made  at  the  ends  of  the  con- 

elements  of  the  logic  within  blocks.  These 

common  n?  are  made  just  before  the  chains  reach  a 

terTsTc  of  el  f  This  is  possible  because  of  the  charac- 

t^eristic  of  electron  tubes  that  electronically  isolates  voltages  converging 

(si^natnL)  ouTu?.^^^  ^  --on^ 

Either  voltage  or  resistance  measurements  can  be  used  in 
p  ace  of  signal-flow  measurements  for  trouble  shooting  within  a  block 
readings  are  taken  at  the  tube  pins-the  points  at  which  the  parts  or 
chains  of  parts  typically  converge  and  are  attached-a  bad  readl^wm 
ndicate  that  the  parts  in  the  chain  attached  there  should  be  checked 

n>.asure„.e„,  of  each  par,  indfvTduany 

Dart  can  h  malfunctioning  part  within  the  chain.  This 

part  can  then  be  replaced  to  repair  the  system. 

■11  K  There  are  certain  situations  in  which  all  readings  at  the  pins 

den  parts,  that  is,  parts  whose  malfunction  would  not  produce  an 
theleT^''  reading  at  the  tube  pin  but  would  never- 

^  ^  To  identify  the  partic- 

onL  nat?  malfunction  requires  a  knowledge 

nr  H  that  cause  certain  parts  to  "hide”  or  fail  to 

p  oduce  a  change  in  resistance  (or  voltage)  readings  at  the  tube  pin  to 

which  they  are  attached.  In  the  FORECAST  procedures,  eachVpe  of 

circuit  that  contains  a  hidden  part  is  identified  and  described.  These 
Circuits  are  relatively  simple-for  instance,  a  resistor  in  series  with  a 
cofrOnce°s  resistor  in  parallel  with  a  low- resistance 

them  This  kn  Tr  recognize 

hnt  1  knowledge  is  similar  to  that  learned  in  basic  electronics 
but  IS  taught  in  the  context  in  which  it  will  be  used. 

cu^  for  of  trouble  shooting  within  blocks  involves  a  short 

tube  Pin  .  ^  circuit  attached  to  more  than  one 

tni  ^  Situation,  the  pm  readings  at  both  pins  will  be  out  of 

occTrT''Lamr'^'T>,^^^\^^'^  ^  situation 

caUon  of  t?  schematic  diagram  will  often  lead  to  the  identifi¬ 

cation  of  the  common  part  without  measuring  each  part  individually 
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This  process  often  requires  a  few  computations  of  the  type  made  in  using 
Kirchhoff’s  law.*  Therefore,  for  this  short  cut,  a  type  of  knowledge 
found  in  current  basic  electronics  courses  must  be  learned  by  the  trainee 
operating  within  the  FORECAST  approach  to  trouble  shooting. 

Implementation  of  the  Approach 

Under  the  FORECAST  system-analysis  approach,  system  experts 
following  certain  guidelines  are  able  to  bring  to  the  trouble  shooting 
process  all  the  experience  necessary  to  determine  whether  any  given 
part  will  affect  a  measurement  at  a  given  point.  They  are  able  to  devote 
unlimited  time  to  making  their  determinations  in  advance  of  system 
malfunction.  Their  thorough  analysis,  covering  every  part  of  the  equip¬ 
ment,  will  ensure  that  causes  of  even  very  infrequent  malfunctions 
can  be  located. 

These  system  experts  determine  analytically  what  parts  can  affect 
measurements  at  the  selected  check  points.  They  verify  their  determi¬ 
nations  on  the  equipment  itself,  and  initial  errors  are  corrected  and 
rechecked.  (The  fact  that  these  electronics  experts  make  many  initial 
errors  in  their  determinations  is  evidence  both  of  the  difficulty  of  making 
the  determinations  and  of  the  value  of  having  experts  make  the  determina¬ 
tions  before  the  malfunction  occurs.)  They  then  markexisting  schematic 
diagrams  to  indicate  the  limits  of  each  group  of  parts  or  trouble  shoot¬ 
ing  blocks  in  the  system;  they  also  stipulate  the  appropriate  check  points 
and  the  tolerances  of  measurements  to  be  made  at  each  point.  This 
information  is  used  to  construct  a  trouble  shooting  block  diagram. 

Use  of  trouble  shooting  blocks  as  support  material^  in  the  field 
reduces  the  quantity  of  electronics  data  that  the  repairman  must  remem¬ 
ber,  while  actually  increasing  the  amount  of  electronics  information 
available  for  use  in  the  trouble  shooting  process.  The  result  should  be 
an  increase  in  trouble  shooting  proficiency. 

FORECAST  Research^ 

One  question  studied  in  the  FORECAST  research  was:  Does  the 
repairman  need  to  know  the  correct  values  at  every  possible  point  in 
the  system,  or  would  knowledge  of  values  at  selected  check  points  be 
sufficient?  If  every  part  in  the  system  could  be  represented  at  one  or 
another  check  point,  and  if  measurements  taken  at  these  selected  check 
points  would  yield  information  by  which  the  repairman  could  isolate  any 
part,  then  knowledge  of  correct  values  at  the  selected  check  points  could 


'In  electronics,  the  law  that:  (a)  In  any  branching  network  of  wires  the  algebraic  sum  of  the 
currents  in  all  the  wires  that  meet  in  any  point  is  zero,  (b)  The  total  electromotive  force  around  a 
circuit  in  which  one  or  more  electromotive  forces  are  acting  is  equal  to  the  sum  of  the  resistances 
of  its  separate  parts  multiplied  each  by  the  strength  of  the  current  that  flows  through  it.  (After 
G.R.  Kirchhoff,  German  physicist.) 

'Samples  of  FORECAST  support  materials  are  presented  in  Appendix  B. 

'A  report  of  FORECAST  research  may  be  found  in  HumRRO  Technical  Report  63,  Determining 
Training  Requirements  for  Electronic  System  Maintenance:  Development  and  Test  of  a  New  Method 
of  Skill  and  Knowledge  Analysis,  by  Edgar  L.  Shriver,  June  1960  (Task  FORECAST  I). 
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be  considered  sufficient.  The  sufficiency  of  the  check  points  which 
emerged  from  the  organization  of  the  M-33  radar  system  into  trouble 
shooting  blocks  was  tested  and  verified  by  the  electronics  experts  as  a 
final  step  in  the  analysis  of  the  system. 

A  second  question  investigated  in  Task  FORECAST  was'  Can  men 
of  average  intelligence  learn  about  this  selected  set  of  check  points  in  a 
imited  time.  This  question  was  answered  by  training  a  group  of  stu- 
dents  in  his  subset  of  knowledges.  This  procedure  produced  the  answer 
that  the  knowledges  could  be  learned  well  enough  in  12  weeks  to  enable 
experimental  students  to  perform  as  well  as  students  trained  in  30  weeks 

points.  However,  even  though  the  experimental 
students  did  perform  as  well  as  the  other  students,  it  was  clear  that 
many  experimental  students  had  not  learned  the  information  as  well  as 
had  the  experimental  students  who  performed  best.  Since  this  was  the 
case.  It  IS  reasonable  to  assume  that  longer  training  periods  will  lead 
o  an  increase  in  proficiency  of  the  slower  students.  That  is,  with  an 
increase  in  training  time  to  the  duration  now  provided  (about  30  weeks), 
marked  improvements  can  be  expected. 
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Section  2 


details  of  forecast  METHOD:  SYSTEM  BLOCKING 


PURPOSE  OF  ANALYSIS 

forecast  maintenance  method  of  electronic  system  analysis 
basically  involves  arrangingthe  individual  parts  of  the  system  intoerLos 

accumelv  defin^H  »"  test  equipment  at  these  points  are 

diaaram  of  tte  svs't  ''““■''‘fhyfor  eaeh  blockis  drawn  on  a  schematic 
aiagram  of  the  system  so  as  to  enclose  all  parts  which  affect  the  cheei, 

Mveredrt:**’;*  r-athts 

^Zl  1  schematic  diagram  currently  employed  in  Army 

c^=t  trouble  shooting  blocks,  preferably  should  be  made  up  bv  the 

S^hZa  Z''  maintenance  job.  When  all  the 

organize  them  into  a  trouble  shooting  block  diagram,  with  each  block 
th^lTc?”"^  functional  stage  or  stages  included  in 

To  understand  the  details  of  this  method,  it  is  necessary  to  have  a 

fereralTrmsZh'""  °f  designed  to  accomplish.  In 

of  a  ZteiZn's  “'‘“sned  to  organize  all  electronic  parts 

be  more  eTsSi  and*'  “  ““  'feck  point  information  can 

?he  basic  goi  Of  maintenance  man. 

point  of  a  trZhr  a  “=^5'"''’  f®  *°  “rgMize  the  system  from  the  stand- 
fhc  «  ^  a  Shooter,  so  as  to  increase  his  efficiency  by  increasing 

Ik^ZZ-atingtl^^'Zts*"^  andinterpretatfon^  he  must 

^  f^coniplish  this  goal,  the  parts  are  examined  with  respect  to 
effectrofSeT^^  system  when  they  malfunction,  (2)  where  the 

these  and  (s)  what 

ese  effects  will  look  like  at  selected  check  points  and  on  external  indi¬ 
cators.  As  a  result  of  this  analysis,  the  system  is  orgaiSzed  "  to  a 
number  Of  trouble  shooting  blocks,  each  containing  a  small  num^^of 

ZZ;ettL°rZh?“‘';“'' checkpointtcich  so 
aZclrrert  thoZh  bi  T  ‘"'“■''■aat  at  that  point  and  the  block  Inputs 
re  correct,  then  the  block  associated  with  that  check  point  Is-known  to 

See  general  description  ol  electronic  weapon  spaleme  in  Appendix  A. 
tor  a  sample  block  diagram,  see  Figure  B-1,  in  Appendix  B. 
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symptom  information  which  can^th^  associated  with  external-indicator 
Within  that  channerc"ontLl  rma^cti^n  ^ 

aboved^r-^ion/lttlrff^^^^^^^^^^^  remembered  with  respect  to  the 

of  trouble  shooting.  It  is  not  based  terms 

functions^  or  the  way  it  is  Dhvsimn  erectly  on  the  way  the  system 
sis  and  cabinets-althouffh^thL^  f  example,  into  chas- 

form  of  the  analysJl  Rather  thf 

locating  a  malfunction  Such  an  °rpnization  is  made  to  facilitate 
practical  purpose  and  ther^fo^^^^  ^ 

the  analysis  must  consider  mln^  pLctLl  tS! 

checrptnT^  ac^elsyS;  o1 

and  efficiency  of'mZenanie  peTsoniei"  Thui"' t^ran 'f ' 

tell  whether  certain  group Jof'narti  indications  that  will 

tion,  all  the  materiafs  tLini  ^  functioning  properly.  In  addi- 

which  comprise  the  FORECAST  t^^  ^nd  skills  and  knowledges 

helping  .he”  -pai^fnT^eThrrgtn^LT^^ulS^of  r^'' 

most  effectively.  s-^mizeo  results  of  the  analysis 

Finally,  the  maintenance  analysis  i<5  riinon+i,, _ 

problems  the  repairman  encounters  wh  le  atteS^n^To"", 

pret  symptoms  and  check  point  information  ItT.’  ®  ‘ 

these  skills  are  the  most  diffici.u  fn  agreed  that 

a  ‘’"i"*®  information  can  be 

wlthThat  pS  " 

?he“t."''"‘  =“  =>  Particular 

check“o”t“''‘“  """  “'■PPP‘P*P‘“"S  nhPnlh  he  a.  a  particular 


which  is  1st  applrLte  V:  •  "7°^^  nieasurement 

measurements  are  usually  needed.  ^ 
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With  the  FORECAST  method,  the  above  decisions  and  interpretations 
are  made  by  skilled  analysts;  in  a  sense,  the  system  is  "pre-trouble- 
shot.”  By  organizing  the  system  into  trouble  shooting  blocks,  the  relation 
of  check  points  to  specific  blocks  is  predetermined,  as  are  the  correct 
readings  that  should  appear  at  these  points.  In  addition,  groups  of  blocks 
are  associated  with  symptom  information  so  that  the  repairman  can  easily 
learn  to  interpret  this  information  in  terms  of  which  blocks  might  con¬ 
tain  the  trouble.  Finally,  during  conferences  and  practical  exercises, 
the  repairman  can  be  taught  the  most  efficient  selection  of  check  points 
for  isolating  malfunctions  within  each  area  of  the  system. 

The  reader  is  probably  aware  that  organizing  a  system  into  blocks 
for  the  purpose  of  increasing  trouble  shooting  proficiency,  as  well  as 
for  understanding  system  functioning,  is  not  exactly  a  new  procedure. 
With  respect  to  chassis,  such  an  organization  now  exists.  That  is,  each 
chassis  in  a  system  usually  produces  only  a  few  outputs  that,  when  found 
to  be  correct,  indicate  that  the  chassis  is  functioning  properly.  This 
organization  of  parts  into  a  chassis,  along  with  the  use  of  chassis-output 
information  to  evaluate  the  condition  of  the  chassis,  forms  the  basis  for 
current  training  in  system  trouble  shooting. 

At  present,  there  is  no  attempt  to  employ  this  type  of  organization 
or  the  principles  of  system  trouble  shooting  to  parts  within  a  chassis. 

The  FORECAST  staff  found  that  this  could  be  done.  In  actuality, 
a  chassis  often  consists  of  a  series  of  functional  stages  which  could, 
with  a  proper  basis  for  subdivision,  be  packaged  as  subchassis  or 
modules.  In  the  form  of  block-diagrams.  Task  FORECAST  researchers 
have  performed  this  type  of  packaging,  on  paper,  and  have  found  it  to  be 
of  great  aid  to  the  trouble  shooter.  In  effect,  the  FORECAST  analysis 
results  in  the  arrangement  of  an  electronic  system  into  modular  form 
for  trouble  shooting.  The  remaining  aspects  of  the  analysis  involve  the 
determination  of  what  information  and  materials  are  needed  to  support 
and  use  this  organization  most  efficiently. 


DEFINITIONAL  PROBLEMS 

What  Is  a  Trouble  Shooting  Block? 

The  nature  of  a  trouble  shooting  block  has  been  described  in  general 
terms.  The  following  sections  describe  more  fully  the  characteristics 
and  uses  of  such  blocks. 

A  trouble  shooting  block  consists  of  a  fairly  small  group  of  parts 
which  has  one  or  more  well-defined  inputs  and  outputs.  The  relation  of 
the  block  to  its  parts  is  such  that,  when  all  block  inputs  are  good  and  one 
or  more  block  outputs  are  bad,  the  malfunction(s)  must,  in  all  probabil¬ 
ity,^  be  produced  by  one  or  more  of  the  parts  located  within  the  block. 

Trouble  shooting  blocks  are  conceptually  similar  to  “functional  stages” 
in  an  electronic  system  but  are  different  in  that  the  relation  of  the  block 
parts  to  the  block  outputs  has  been  rigorously  defined.  In  addition,  a 
trouble  shooting  block  may  sometimes  contain  more  than  one  stage. 

‘See  footnote  on  page  13. 
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These  blocks  are  used  in  two  ways.  They  are  used  as  conceptual 
devices  for  promoting  a  thorough  understanding  of  a  system  which  they 
comprise.  In  this  respect  they  are  similar  to  stage  block  diagrams. 
They  are  also  used,  by  themselves,  as  trouble  shooting  aids,  and  are 
designed  to  provide  the  maintenance  man  with  a  reliable  means  of  rapidly 
trouble  shooting  to  a  small  area  of  the  equipment.  Blocks  used  for 
trouble  shooting  can  be  designed  on  the  basis  of  where  they  are  to  be 
used  —  On  site  or  in  the  maintenance  shop. 

Why  Should  Block  Inputs  and  Outputs  Be  Well  Defined  ? 

To  isolate  a  malfunction  to  one  block,  that  block  with  good  input(s) 
but  with  bad  output(s)  must  be  found.  To  do  this  the  repairman  must  be 
able  to  discriminate  accurately  between  “good”  and  “bad”  signals. 

There  are  many  factors  which  affect  signal  discriminability.  Among 
them  are  the  sensitivity  of  the  testing  instrument,  the  degree  to  which 
the  critical  features  of  a  “good”  signal  are  distinctively  different  from 
those  of  a  “bad”  signal,  and  the  degree  to  which  the  measurement  is 
masked  by  other  signals  at  the  same  measurement  point. 

Discriminating  between  a  good  and  a  bad  signal  can  involve  such 
things  as  detecting  small  changes  in  signal  amplitude  or  signal  rise-time. 
Changes  such  as  these  are  relatively  difficult  to  distinguish.  Thus,  the 
critical  features  of  the  signal  have  to  be  defined  accurately,  and  the 
repairman’s  attention  directed  toward  them.  One  way  of  handling  this 
discrimination  problem  is  to  attempt  to  design  blocks  and  select  check 
points  so  that  the  measured  signals  are  maximally  discriminable  in 
terms  of  “good”  or  “bad”  (“go”  or  “no  go”). 

A  special  problem  is  presented  when  the  output  of  a  block  is  masked 
by  signals  from  other  blocks.  This  can  occur  when  the  outputs  of  two 
blocks  each  feed  into  a  third  block  at  the  same  point.  Usually  this  point 
is  the  best  place  to  measure  the  output  of  both  blocks.  However,  to 
obtain  measurements  that  are  readily  discriminable,  something  must  be 
done  to  the  system  to  remove  the  unwanted  signals.  Many  times,  pulling 
a  tube  in  the  block  whose  output  you  do  not  want  to  measure  will  unmask 
the  signal  of  the  other  block.  In  other  instances,  the  system  may  have  to 
be  placed  in  a  certain  mode  of  operation  to  eliminate  the  unwanted  signal 
at  the  common  checkpoint.  Such  practical  procedures  for  obtaining  good 
signal  measurements  will  be  discussed  at  length  in  this  manual. 

Why  Should  the  Relation  Between  a  Block  and 
Its  Parts  Be  Well  Defined  ? 

The  basic  trouble  shooting  procedure  is  the  successive  elimination, 
by  interpretation  of  measurement  information,  of  those  parts  of  the  sys¬ 
tem  that  are  not  causing  the  trouble.  Eventually  the  trouble  shooter  is 
left  with  one  or  more  out-of-tolerance  parts  which  are  repaired  by 
adjustment  or  replacement.  For  this  procedure,  the  repairman  must  be 
able  to  accurately  interpret  check  point  information  in  terms  of  what 
parts  produce  the  signal  at  any  given  point.  Such  interpretations  can 
involve  much  time-consuming  thought,  and,  unless  the  repairman  is 
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-■■or.  Of 

o.eo^pof„^Pfo“^^^ 

the  interpretations  greatly  increased,  ^ 

minp^fn  predefined,  the  repairman  does  not  have  to  deter- 

mine  for  Mmself  what  parts  he  has  checked  at  a  particular  point  This 
wi  have  been  done  already  by  expert  electronic  system  analysts  who 

^cates  .Ke  bfoc.  thaf  con.a•f.3^'K”■ 

”  WiMn^Mo  pV  1,“°'“  determine  what  part.  com^Le 

rouMe^h^o,  ,a  Procedures  can  then  be  employed  m 

uble  shoot  the  small  group  of  parts  within  that  block. 

Why  Are  Blocks  Designed  Differently  Depending  on  the 
Locale  of  Trouble  Shooting  ?  - - 

blocks  in  trouble  shooting  entails  checking  block  inputs 
t^st  interpreting  these  measurements.  Various  pieces  of 

“equ5e7”;radddro  ®"a  ‘IJ  n— k  «ut  the  block,  are 

rnent  avilabillt,  and  ch«\ '^1^  acce“Tbihty“u? ^depeT^”' 

rar„trL‘lT"  PerfoJmlf  on'Sl'or^rtt”* 

On-site  trouble  shooting  involves  the  use  of  common  portable  test 
equipment;  at  the  maintenance  shop,  permanently  installed  and  in 
genera  ,  more  sensitive  and  more  accurate  test  equipmem  is  TallZe 
on-site  trouble  shooting  is  usually  performed  with  the  chL*- 

ssis.  When  the  chassis  is  mounted  in  the  system,  there  are  some 

loTiortuT'^-r^  Of  trei";;yTi 

chrssis  inn,  ts  equipment  is  used  to  apply 

checn  r  ^  almost  all  possible 

check  points  are  accessible.  Finally,  it  may  be  that  the  special  LpS 

signals  required  to  completely  check  and  adjust  the  chassis  are  not 

designed  differently,  depending  upon  the 
orcheck  poin  s'"  The  """  accessibility 


KNOWLEDGE  REQUIRED  OF  A  SYSTEM  ANALYST 

shoufd  knowledgeable  in  electronics  and 

ahn  !  +  ^  particularly  familiar  with  the  type  of  electronic  system  he  is 

dtgrams'and  I't  examine^schrmatic 

rZ  l  !  '"hat  parts  affect  measurements  at  various 

of  trouwr  h  r  thoroughly  familiar  with  the  practical  aspects 

final  ^t^ooting,  as  It  IS  these  practical  aspects  which  determine  the 

final  configuration  of  the  trouble  shooting  blocks. 
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Obviously,  at  some  point  the  analyst  should  gain  a  thorough  under¬ 
standing  of  the  system  he  is  analyzing.  This  information  is  difficult  to 
obtain  before  the  analysis  begins,  but  the  FORECAST  staff  has  found 
the  following  general  procedure  adequate  for  acquiring  the  necessary 
information  for  system  analysis. 

The  over-all  function  of  the  system,  including  its  theory  and  opera¬ 
tion,  is  reviewed  and  clarified.  A  channel  of  the  system  is  selected  and 
analyzed  into  blocks;  then  a  second  channel  is  selected  and  blocked.  In 
most  cases  blocking  will  not  proceed  very  far  without  additional  infor¬ 
mation.  The  manufacturers ’preproduction  publications  andlike  sources 
are  examined,  and  the  information  gleaned  is  applied  to  the  analysis.  In 
practice,  the  system  is  organized  into  blocks  until  further  progress  is  not 
possible.  The  technical  handbooks  or  the  system  itself  is  then  consulted 
for  more  information.  By  this  process,  tentative  blocks  are  created, 
then  revised  on  the  basis  of  additional  information,  and  then  checked  for 
accuracy.  This  blocking  by  successive  approximation  eventually  pro¬ 
duces  both  final  authentication  of  the  trouble  shooting  block  diagram  for 
the  system  and  a  thorough  understanding  of  the  system  by  the  analysts. 

ANALYSIS  OF  R/C  COUPLED  AMPLIFIERS 

The  Relation  of  Parts  to  Block  Outputs 

Figure  1  contains  a  schematic  diagram  of  an  R/C  coupled  amplifier 
(less  heater  circuitry),  plus  a  few  parts  in  the  next  stage  of  the  signal 
chain.  This  schematic  diagram  can  be  used  to  demonstrate  many  of  the 
principles  of  dividing  the  system  into  trouble  shooting  blocks.  The 
analysis  of  Block  A  of  Figure  1  is  considered  first,  and  is  then  reviewed 
for  the  purpose  of  interpreting  some  of  the  principles  and  assumptions 
used  in  establishing  the  trouble  shooting  blocks. 

Tube  VI  audits  associated  parts  form  a  stage  of  amplification  whose 
output  is  coupled  through  capacitor  C4,  developed  across  resistor  R6, 
and  applied  to  the  control  grid  of  V2.  This  VI  stage  has  only  one  signal 
output  that  is  applied  to  V2  at  its  grid.  Thus,  the  output  check  point  for 
Block  A  can  be  selected  at  the  grid  of  V2.  The  signal  at  this  point  is  not 
DC;  therefore,  it  can  be  assumed  that  an  oscilloscope  will  be  the  meas¬ 
uring  instrument  used  at  this  check  point.  The  question  now  is,  what 
parts  affect  the  reading  at  this  point? 

“Common”  Part.  First  consider  C4.  Assuming  that  C4  is  open, 
what  will  that  do  to  the  signal  at  V2?  It  will  block  its  passage  from  VI, 
the  reading  at  the  grid  of  V2  will  be  incorrect,  and  therefore  C4  appears 
to  belong  in  Block  A.  Remember  that  any  part  that  affects  the  output  of 
a  block  must  be  located  within  that  block. 

Now  assume  that  C4  shorts.  When  this  occurs,  the  AC  signal 
will  be  passed  and  will  appear  at  V2.  It  appears,  then,  that  a  shorted 
C4  will  not  affect  the  AC  signal  output  of  Block  A.  However,  it  is  known 
that  when  C4  shorts,  the  plate  voltage  of  VI  will  be  applied  to  the  grid 
of  V2.  1  his  will  cause  a  bad  output  to  appear  at  the  output  check  point 
for  Block  B.  (Remember,  it  is  assumed  that  an  oscilloscope  is  used  to 
check  Block  A.)  The  oscilloscope  will  not  detect  the  presence  of  DC 
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C4  is  shorted,  the  reading 

at  the  grid  of  V2  will  appear  to  be  correct;  that  is,  a  shorted  C4  will  Lt 
seem  to  affect  the  output  signal.  It  appears,  then,  that  there  are  reasons 
for  associating  C4  with  both  Block  A  and  Block  B.  This  can  be  done  by 
labeling  C4  a  common  part,”  as  it  can  affect  the  output  either  of 
Blocks  A  and  B,  or  of  Block  B  alone,  depending  on  how  it  malfunctions. 

,,  The  placement  of  grid  resistor  R6  into  Block  A  requires  some 

comment.  The  control  grid  of  V2  has  been  designated  as  the  output 

Block  output  of 

out  wiB  h"  Clearly,  if  R6  shorts,  the  out- 

Swri  lit  ;  ^he  output  of 

-n  lo  H  tie  bad.  This  is  because  R6  normally  has  a  value  low  enough 

m  load  the  previous  circuitry.  Therefore,  when  it  opens,  it  unloads  the 

totot  ^  signal  at  the  grid  of  V2.  It  is  important 

to  note  that  R6  is  a  variable  resistor.  Therefore,  the  value  of  this  resis- 
tor  can  be  so  high  that  it  does  not  heavily  load  the  previous  circuitry 
Under  this  condition,  when  the  grid  resistor  opens,  it  is  doubtful  whether 
the  effect  on  the  signal  appearing  at  the  grid  of  V2  would  be  noticeable 
If  the  resistor  shorted,  it  would  still  affect  the  output.  Thus,  R6  should 
be  labeled  common”  because  it  would  affect  the  check  point  reading  of 
either  Block  A  or  Block  B  depending  upon  its  adjusted  value. 

The  Effect  of  "Shorted”  Parts.  When  capacitors  short,  DC  voltage 
IS  usually  applied  to  some  parts  that  do  not  normally  have  this  voltage 
applied  to  them.  When  analyzing  the  possible  effects  of  this  occurrence 
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the  effects  of  the  increased  current  that  flows  through  these  parts  due 
to  the  short  must  be  considered.  The  question  usually  asked  is  whether 
the  wattage  of  the  parts  is  high  enough  to  withstand  the  additional  current 

In  Figure  l,when  C4  shorts,  the  current  flowing  through  R6  will 
increase  and  this  could  cause  R6  to  burn  out.  If  so,  the  result  would  be 
a  bad  signal  appearing  at  the  grid  of  V2.  If  R6  is  a  high-wattage  resis¬ 
tor,  this  probably  would  not  happen  and  the  AC  signal  at  the  grid  of  V2 
would  appear  correct.  It  is  then  seen  that  the  assignment  of  C4  depends 
on  whether  a  shorted  C4  would  cause  R6  to  burn  out.  If  it  would,  C4 
would  be  assigned  to  Block  A  because  the  output  for  Block  A  would  be 
incorrect  regardless  of  how  C4  malfunctioned;  if  R6  would  not  burn  out, 
then  C4  would  be  labeled  a  common  part. 

Whether  R6  does  or  does  not  open  as  a  result  of  C4  shorting, 
the  plate  voltage  of  VI  will  be  applied  to  the  control  grid  of  V2.  This 
relatively  high  positive  voltage  will  cause  V2  to  conduct  heavily  and  to 
draw  grid  current.  Thus,  damage  can  result  to  the  tube  itself,  the  plate 
load  resistors  R8,  R2,  and  R5,  and/or  the  grid  biasing  resistor  R7, 
depending  on  their  relative  abilities  to  withstand  current  overload.  A 
first  approximation  as  to  which  of  these  items  will  fail  can  be  obtained 
by  calculating  the  dissipated  power  per  part  when  the  plate  voltage  from 
VI  is  applied  to  the  control  grid  of  V2.  The  published  characteristics 
for  V2  would  be  used  to  make  this  determination.  A  simpler  technique 
IS  to  assume  that  the  entire  B+  voltage  is  dropped  across  the  voltage 
divWer  consisting  of  R5,  R8,  and  R7.  By  computing  the  voltage  distri¬ 
bution,  it  is  possible  to  estimate  whether  the  ratings  are  being  exceeded. 
If  they  are,  then  one  or  more  of  the  resistors  will  fail.  If  it  is  conclu¬ 
ded  that  these  parts  will  fail,  then  they  must  be  placed  in  Block  A,  If 
they  appear  to  be  able  to  stand  the  load,  they  can  be  placed  in  Block  B. 
Fortunately,  it  appears  that  most  resistors  have  high  enough  ratings  so 
that  they  can  withstand  the  increased  current  that  may  result  from  a 
shorted  capacitor.  It  should  be  noted,  however,  that  even  if  R5,  R7,  and 
R8  can  withstand  the  load,  tube  V2  will  ultimately  fail. 

Parts  That  Directly  Affect  Two  or  More  Blocks.  In  Fitmre  1.  rp«;=. 
tor  R5  is  located  within  Block  A.  Although  this  part  directly  affects  two 
blocks,  it  is  not  labeled  a  common  part,  for  the  following  reason* 
According  to  the  FORECAST  trouble  shooting  rules,  the  repairman 
system  trouble  shoots  until  a  block  is  found  with  good  signal  inputs  and 
one  or  more  bad  signal  outputs.  If  R5  were  to  open  or  short,  the  output 
of  both  Block  A  and  Block  B  would  be  directly  affected.  The  repairman 
however,  should  deduce  that  the  trouble  lies  in  Block  A  because  this 
block  has  a  good  signal  input.  Resistor  R5  should  therefore  be  assigned 
to  Block  A. 

Check  Point  Accessibility  vs.  Size  of  Block 

In  the  introduction  to  this  section  if  was  stated  that  the  size  of  blocks 
should  be  kept  to  a  minimum.  This  reduces  the  number  of  parts  that 
must  be  checked  by  more  time-consuming  chassis  trouble  shooting  pro¬ 
cedures.  Also,  block  size  varies  widely  because  of  other  blocking  and 
practical  trouble  shooting  considerations.  Suppose,  for  example,  that 
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ble.and  the  chassis  so  arranged  in  the  system  that  tube  adapters  could 

Th  ““‘pot  »'  Block  A  would  not  braccLIiWe 

hus.  Blocks  A  and  B  would  have  to  be  combined  Into  one  block. 

more  typical  case  is  where  tube  pins  are  accescjihif^  u  +u 

“0-4  “rrar  “fs  r 

Review  of  Some  Principles  of  Blocking 

in  mJre  dtiall.  P”"**  •»-*  heed  to  be  explained 

(1)  Blocking  involves  the  determination  of  what  nartc  affca..  .u. 

sf47th  The  analysis  began  with  a  ge4r4  descal 

tion  ol  the  signal  How  through  a  stage,  then  qLkly  arrijed  lra  poto 

here  the  output  of  that  stage  might  be  measured.  First,  a  tentative 
Check  pom  must  be  selected;  notice,  also,  that  the  check  pin,  ^ube 
pm  was  selected.  This  was  done  because  checkpoints  must  be  accessible 
To  meet  this  requirement,  it  is  best  to  select  built-in  ch4r»i„,s 
the  ends  of  cables  or  at  tube  pins.  ^  ^ 

role  in  lln"^ Vff  ^gPiPment  play  an  Import.nt 

made  with  an  oap-n'^^^  blocking.  In  general,  a  measurement  is 

de  with  an  oscilloscope  or  a  voltmeter.  The  use  of  either  one  of  these 

rumen. s  p  aces  restrictions  on  the  measurements  that  can  be  made 

flow  ^‘rhi  oscilloscope  will  be  usedto  measure  signal 

m?i*'  b  ^  f yoliogo;  therefore,  the  analysis 

“idings"  Th'e'ua*"'?’"  P^P's  '•‘H  kffeot  AC  L  DC 

readings.  The  use  of  an  oscUloscope  means  that  most  coupling  caoaci- 

wilTiot  atic?mfrc''”i°””^°”  P“P‘"'=PPo“=P  •I'cso  POPts.lf  shorted, 

AC  reading  to  appear  at  the  check  point  for  the  next  block. 

pealing  with  shorted  parts  can  be  particularly  troublesome 

^I'fuU  .^11  regarding  the  effect  of  increased 

^rent  on  other  parts  in  the_circ^.  If  these  parts  can  not  withstand 

the  be  placed  in  the  block  containing 

iave  antiTpatTd^^^^^^^^  Fortunately,  design  engineers  seem  to 

nave  anticipated  this  problem,  as  many  resistors  have  wattage  ratines 
high  enough  to  withstand  loads  due  to  shorted  capacitors 

.  W.  general  principle  regarding  the  treatment  of  common 
parts  is  fairly  clear-cut.  When  a  part  affeE^'lhe  output  either  o?" 

ciTed\  depending  on  how  it  malfunctions,  it  is 

lied  a  common  part.  On  the  other  hand,  if  a  part  directly  affects 
the  output  of  more  than  one  block,  regardless  of  how  if  malfunctions  it 
IS  assigned  to  the  first  block  in  the  signal  chain  which  it  affects.  ' 

Treatment  of  Power  Input 

Throughout  this  section,  signal  inputs  and  outputs  will  be  discussed 
bu  it  ts  also  known  tha,  chassis  can  have  power  Inputs.  Ho^rwe’ 
determine  that  these  inputs  are  good?  That  determination  is  not  directly 
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accomplished  through  blocking  considerations.  For  example,  in  Figure  1 
the  parts  were  analyzed  in  terms  of  their  effect  on  signal  flow.  Resistor 
R5,  which  is  part  of  the  power  input,  can  affect  the  signal  output  of 
Block  A.  Therefore,  if  the  signal  input  to  Block  A  is  good  but  the  output 
is  bad,  then  we  must  consider  the  possibility  that  R5  is  bad.  In  addition, 
we  should  check  the  power  input  to  Block  A  before  checkingthe  individual 
parts.  This  can  be  done  either  by  built-in  meters  or  by  checking  the 
B+  input  to  Block  A.  The  important  point  to  remember  is  that  the  sys¬ 
tem  is  analyzed  primarily  in  terms  of  signal  flow,  and,  when  trouble 
shooting,  the  repairman  first  reduces  the  trouble  to  a  block  whose  signal 
inputs  are  good  but  whose  signal  outputs  are  bad.  The  next  trouble 
shooting  step,  before  removing  the  chassis  from  the  system,  is  to  check 
the  power  inputs  to  that  block. 

The  Determination  of  “Best”  Solutions 

By  now  the  reader  is  probably  aware  that  few  simple  and  clear-cut 
rules  can  be  written  regarding  the  FORECAST  techniques  of  blocking. 

At  certain  points,  the  analyst,  using  the  general  blocking  guidelines,  must 
also  use  his  own  best  judgment,  the  goal  being  to  organize  parts  of  the 
system  so  that  interpretations  regarding  their  functioning  can  be  made 
with  a  high  degree  of  reliability.  The  following  discussion  of  the  R/C 
coupled  amplifier  demonstrates  one  procedure  for  arriving  at  a 
“best”  solution. 

Figures  2  and  3  are  schematic  diagrams  of  a  hypothetical  R/C 
coupled  amplifier.  The  amplifier  has  been  divided  into  trouble  shooting 
blocks  in  two  different  ways.  The  reasoning  which  went  into  blocking 
Figure  2  will  be  discussed  first. 

The  check  point  for  Block  A  has  been  located  at  point  G,  the  acces¬ 
sible  grid  terminal  of  V2.  Now  we  must  decide  where  to  make  the  “cut” 
between  blocks.  As  shown,  the  block  boundaries  cut  the  chassis  into  two 
blocks,  placing  both  C  and  R  in  Block  A.  The  problem  is,  should  these 
two  parts  be  unequivocally  located  in  Block  A?  To  consider  this  problem, 
assume  that  certain  types  of  malfunctions  occur  in  parts  C  and  R,  and 
determine  the  effect  of  these  troubles  as  viewed  at  check  point  G.  Let 
us  assume  that  R  normally  does  not  load  VI. 

Assume  first  that  R  shorts.  Clearly,  if  R  is  shorted,  then  the 
signal  at  check  point  G  would  be  incorrect.  Since  G  has  been  designated 
as  the  check  point  for  Block  A,  a  bad  signal  here  means  that  we  should 
expect  the  faulty  part  to  be  either  in  Block  A  or  in  some  block  before 
Block  A,  but  not  in  Block  B  or  a  succeeding  block.  We  know  that  the 
bad  part  is  R,  and  it  is  indeed  in  Block  A.  Hence,  R  correctly  belongs 
in  Block  A  as  regards  its  effect  on  the  measurement  at  G  when  R 
has  shorted. 

Now  assume  that  R  opens.  Since  we  have  assumed  that  R  does  not 
load  Vi,  the  measurement  at  G  would  appear  correct.  Therefore,  we 
have  a  good  check  point  reading  for  a  block  that  contains  a  faulty  part. 
This  indicates  that  part  R  does  not  belong  exclusively  in  Block  A,  because 
it  produces  different  effects  depending  on  how  it  fails.  Therefore,  it 
should  be  designated  a  common  part. 
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Now  apply  the  above  procedures  of  analysis  to  capacitor  C  in 
Figure  2.  Assume  first  that  the  capacitor  shorts.  When  C  shorts,  the 
signal  appearing  at  point  G  should  remain  unaffected,  because  the  signal 
is  AC  in  nature  and  the  AC  continues  to  appear  properly  at  G.  Of  course, 
the  DC  plate  voltage  is  coupled  to  the  grid  of  V2.  However,  if  the  meas¬ 
uring  instrument  is  an  oscilloscope  that  is  not  DC-coupled,  and  if  the 
instrument  can  stand  the  value  of  the  plate  voltage,  then  the  signal  will 
be  observed  as  correct  at  the  grid  of  V2.  In  this  instance  we  have  a  good 
check  point  signal  for  a  block  that  contains  a  faulty  part.  On  the  other 
hand,  if  the  capacitor  opens,  the  check  point  signal  will  appear  as  incor¬ 
rect.  Again,  we  have  the  conditions  which  necessitate  classifying  a  part 
as  common  to  more  than  one  block. 

Based  on  the  above  considerations  we  can  conclude  that,  with  block¬ 
ing  as  shown  in  Figure  2,  both  R  and  C  are  common  parts.  This 
conclusion  may  be  modified  by  probability  considerations.  That  is,  we 
may  consider  the  blocking  solution  with  respect  to  the  likelihood  that 
resistor  R  will  short,  as  compared  with  how  likely  R  is  to  open.  If  we 
conclude  that  R  is  most  likely  to  open  and  that  shorting  will  be  a  rare 
occurrence,  then,  in  the  event  that  R  does  not  load  VI,  we  can  place  R 
with  V2  in  Block  B.  This  assumes  that,  when  R  opens,  it  will  affect  the 
output  of  V2,  even  if  it  won’t  affect  the  VI  output.  If  we  assume  that  R 
does  in  fact  load  VI,  then  we  may  without  hesitation  place  it  in  Block  A, 
as,  regardless  of  how  it  fails,  it  will  affect  the  signal  at  point  G, 

Consider  now  the  R/C  amplifier  blocked  as  shown  in  Figure  3. 
Here  the  output  check  point  for  Block  A'  is  located  at  point  P,  and  parts 
C  and  R  are  located  in  Block  B'  .  Assume  that  R  does  not  load  VI. 
Again,  the  problem  is  to  determine  what  effect  shorting  and  opening  the 
parts  will  have  on  the  signal  appearing  at  check  point  P. 

In  Figure  3,  if  R  shorts,  then  the  measurement  made  at  P  will  be 
incorrect  because  point  p  will  be  grounded  AC  wise  through  part  C.  If 
R  opens,  its  effect  would  not  be  noticed  at  check  point  P.  This  means 
that  part  R  should  be  called  a  common  part.  Now  assume  that  part  C 
shorts.  This  has  no  effect  on  the  signal  reading  appearing  at  point  P. 

If  C  opens,  and  R  does  not  load  VI,  then  the  signal  at  point  P  will  appear 
correct.  Thus,  part  C  appears  to  be  properly  located  in  Block  B. 

By  making  use  of  probability  information  regarding  the  way  parts 
usually  malfunction  we  reach  the  conclusion  that  R  should  be  placed  in 
Block  B,  since  it  is  unlikely  that  R  will  short,  and  it  is  only  when  R 
shorts  that  it  would  affect  the  signal  at  point  P.  With  these  probability 
considerations,  there  need  be  no  common  parts  in  the  blocking  of 
Figure  3.  On  the  other  hand,  if  we  find  that  R  loads  VI,  then,  if  R  fails 
by  opening,  it  will  affect  the  measurement  at  P,  and  therefore  should  be 
a  common  part.  For  the  same  reason,  when  C  opens,  the  effect  will  be 
seen  at  point  P. 

Figure  4  is  a  tabulation  of  the  results  developed  above.  The  three 
blocks  are  shaded  to  call  attention  to  the  fact  that  those  particular  condi¬ 
tions  determine  that  the  part  must  be  labeled  common.  As  can  be  seen, 
there  is  no  exact  solution  to  this  blocking  problem.  The  best  solution 
seems  to  be  to  make  C  common  all  the  time  and  perhaps  R  also,  unless 
the  details  of  the  specific  circuits  can  permit  the  unequivocal  assignment 
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How  AAalfuncHons  of  Ports  Affect  Measurements  at  Check  Points 


Part 

Check  Pofnt 

Measurement 

Shorted 

Open 

Figure  2 

Block  A 

Check  Point  at  G 

R 

Bad  Reading 

Good  Reading 

C 

Good  Reoding 

Bad  Reoding 

Figure  3 

Block  A' 

Check  Point  at  P 

R 

Bad  Reading 

Good  Reading 

C 

Good  Reading 

Goad  Reading 

Condftfons  under  which  blocking  logic  would  be  violated  unless  ports  were  mode  common 
to  both  blocks 


Figure  4 

of  a  part  to  one  or  another  block.  It  is  evident  that  there  is  an  ambiguous 
boundary  between  the  blocks  in  Figures  2  and  3.  The  specific  circuitry 
helps  to  clarify  the  ambiguity,  but  there  is  no  ironclad  rule  for  assign¬ 
ing  the  parts  that  comprise  the  boundary. 

Instead  of  labeling  C  common  all  the  time,  DC  levels  can  be  meas¬ 
ured  as  well  as  AC  signals.  If  the  test  oscilloscope  were  set  up  to  ‘V 
measure  DC,  then  the  plate  voltage  appearing  at  the  grid  of  a  tube  as  the 
result  of  a  shorted  coupling  capacitor  would  cause  the  signal  at  the  tube 
grid  to  be  displaced  by  a  large  DC  level.  This  trouble  shooting  procedure 
would  require  the  repairman  to  set  his  scope  attenuation  properly,  so  as 
to  account  for  the  possibility  of  measuring  plate  voltages  at  the  tube  grid. 

If  plate  voltage  existed  at  this  point,  it  might  be  so  large  in  comparison 
to  the  AC  signal  that  the  signal  would  be  unobservable  when  the  DC 
trace  was  shown. 

Treatment  of  Coupling  Networks  Between  Chassis 


So  far,  only  blocks  whose  parts  were  all  located  within  one  chassis 
have  been  considered.  The  analysis  of  networks  which  couple  blocks 
located  on  different  chassis  must  also  be  considered. 

In  Figure  1,  Block  B  feeds  into  Block  C,  located  on  Chassis  2;  the 
two  chassis  are  connected  by  a  cable.  The  signal  from  V2  is  developed 
across  the  parallel  combination  of  RlO-Rll  and  applied  to  the  grid  of  V3. 
This  situation  could  be  blocked  in  the  same  manner  as  coupling  networks 
within  chassis.  When  this  is  done  it  often  happens  that  parts  contained 
within  one  block  are  located  on  two  different  chassis.  This  is  sometimes 
unavoidable  from  an  engineering  viewpoint.  In  general,  blocks  should 
be  so  defined  that  all  parts  are  located  on  one  chassis  whenever  possible. 

In  the  analysis  of  Blocks  B  and  C,  let  it  be  first  assumed  that 
Block  B  can  be  checked  at  the  grid  of  V3.  What  parts  belong  in  Block  B? 
If  C6  shorts,  the  signal  will  still  appear  correct  at  the  V3  grid;  if  C6 
opens,  the  signal  at  that  point  will  be  bad.  Therefore,  C6  is  a  common 
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Video-and-Mark  Mixer  7614979— Schematic  Diagram,  Showing  Parts  That  Belong  to  a 
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Figure  5 


part  with  respect  to  a  check  point  at  the  grid  of  V3,  because  it  affects 
the  output  either  of  Blocks  B  and  C,  or  of  Block  C  only,  depending  on 
how  It  malfunctions.  Assume  that  Rll  will  open  if  it  malfunctions  (a  safe 
assumption  with  composition  resistors);  then  Rll  belongs  in  Block  C. 

his  IS  because  it  does  not  load  the  circuitry  before  Block  C  and  because 
the  oscilloscope  probe  and  input  circuitry  will  simulate  Rll  sufficiently 
so  that  the  signal  appearing  across  RIO  can  be  seen  through  Capacitor  C6. 
*  solution  would  be  to  make  the  break  between  Blocks  B  and  C 

at  C6,  and  call  C6  a  common  part. 

An  even  better  solution  would  be  to  make  TPl  the  check  point  for 
Block  B  A  check  here  would  not  be  affected  by  malfunctions  of  C6  or 
Rll,  unless  Rll  shorted.  Thus,  C6  could  be  placed  solely  in  Block  C, 
and  all  parts  associated  with  Block  B  would  now  be  located  on  one  chassis. 

noticed  that  a  check  point  could  be  located  at  J1  instead 
%  .  ■  _g  ^  general  rule,  it  is  preferred  to  select  a  check  point  on 

the  far  side  of  a  cable— that  is,  on  the  receiving  end  of  the  cable.  This 
assures  that  the  cable,  as  well  as  the  parts  within  the  block,  are  checked 
out  by  measurements  at  the  check  point. 

Figure  5  presents  a  typical  problem  regarding  the  treatment  of 
chassis  inputs.  This  example  is  taken  from  the  M-33  Video-and-Mark 
Mixer  chassis.  Here  the  problem  concerns  the  placement  of  RIO  This 
resistor  is  a  terminating  resistor  for  a  block  located  on  a  chassis  before 
the  one  shown  here.  The  output  of  this  block  could  be  checked  at  V2 
pm  7.  If  this  were  done,  all  the  parts  attached  to  this  pin  would  have  to 
be  analyzed  with  respect  to  their  effect  on  the  AC  signal  at  pin  7.  As  a 

result,  RIO,  plus  additional  parts,  would  be  placed  in  a  block  located  on 
the  other  chassis. 

..  ^  practice,  the  repairman  would  have  little  difficulty  handling  this 
distribution  of  parts.  For  example,  bad  reading  at  V2  pin  7,  but  good 
inputs  to  the  block  being  checked  at  this  point,  would  lead  to  replace¬ 
ment  of  the  chassis  containing  that  block.  If  the  trouble  persisted,  then 

the  cable,  RIO,  C5,  or  R13  on  the  Video-and-Mark  Mixer  chassis  must 
be  at  fault. 


There  is  an  alternative  point  to  check  point  V2  pin  7  that  could  be 
chosen  and  that  would  simplify  the  block  analysis.  A  check  could  be 
made  at  J2  (P27).  To  make  this  check,  the  J2  cable  would  be  discon¬ 
nected  from  the  Video-and-Mark  Mixer  chassis  and  an  oscilloscope 
probe  inserted  into  the  end  of  the  cable.  This  procedure  removes  the 
parts  connected  to  V2  pin  7  from  the  circuit  under  test,  and  the  signal 
appearing  at  J2  is  now  developed  across  the  input  impedance  of  the 
testing  equipment.  A  measurement  at  J2  can  be  compared  with  the 
normal”  reading  obtained  with  the  same  test  equipment  when  the  sys¬ 
tem  was  known  to  be  functioning  properly.  If  the  measurement  is 
incorrect,  the  fault  must  lie  in  the  cable  or  in  blocks  before  J2.  All  the 
parts  connected  to  V2  can  now  be  located  on  the  same  chassis  and  will 
affect  only  the  output  of  V2. 

The  above  example  makes  use  of  an  important  testing  principle. 
That  is,  the  reading  at  a  check  point  is  a  function  of  the  state  of  the 
system  plus  the  effect  of  test  equipment  being  connected  into  the  sys¬ 
tem.  The  act  of  testing  a  signal  may  change  some  characteristic  of  the 
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signal.  This  is  unimportant,  so  long  as  the  obtained  measurement  can 
be  used  to  evaluate  the  system  accurately.  Normal  check  point  read¬ 
ings  are  obtained  on  a  properly  functioning  system,  with  a  specific  piece 
of  test  equipment,  and  with  the  system  and  test  equipment  controls  set 
in  a  particular  manner.  For  greatest  accuracy,  subsequent  measure¬ 
ments  at  these  points  must  be  taken  under  the  same  test  conditions  and 
with  the  same  type  of  test  equipment.  If  the  repairman  is  not  careful 
in  this,  the  obtained  measurements  may  not  match  the  measurements 
taken  under  normal  conditions. 

As  a  final  example  of  the  treatment  of  chassis  inputs,  assume,  as 
shown  in  Figure  6,  that  there  is  a  test  point,  TP2,  associated  with  the 
input  at  J2.  The  output  of  the  previous  block  could  be  checked  at  TP2. 
However,  the  reading  at  this  point  would  be  affected  by  the  condition  of 
RIO.  Thus, this  part  would  have  to  be  assignedto  a  block  located  on  the 
chassis  before  the  Video-and-Mark  Mixer. 

EXAMPLE  OF  A  COMPLETE  SCHEMATIC  ANALYSIS 

Function  Description 

Figure  7  presents  the  schematic  diagram  of  the  M-33  Video-and- 
Mark  Mixer  chassis.  This  diagram  will  be  completely  analyzed  to  point 
out  some  additional  blocking  considerations. 

A  brief  description  of  the  function  of  the  stages  within  this  chassis 
is  appropriate  here.  On  the  M-33  PPI  there  appear  marks  which  repre¬ 
sent  the  range  and  azimuth  positions  of  both  the  tracking  and  the  acqui¬ 
sition  radar  antenna.  (See  Figure  8.)  The  marks  for  the  tracking  radar 
appear  as  a  cross,  called  the  electronic  cross.  The  arc  portion  of  this 
cross  represents  the  range  setting  of  the  tracking  radar  computer;  the 
radial  portion  represents  the  present  azimuth  position  of  the  tracking 
radar  antenna.  The  range  setting  of  the  acquisition  radar  computer  is 
represented  on  the  PPI  by  the  continuous  circle  whose  distance  out  from 
the  center  of  the  PPI  represents  range.  The  azimuth  representation 
for  the  acquisition  radar  is  a  radial  mark  that  continuously  extends  from 
the  center  to  the  edge  of  the  PPI.  The  signals  that  produce  the  above 
marks  originate  from  various  places  in  the  system  and  are  mixed  in  the 
Video-and-Mark  Mixer.  They  are  then  combined  with  video  return  and 
all  signals  are  sent  to  the  PPI. 

Blocks  With  a  Common  Check  Point 

The  analysis  begins  with  VI  (in  Block  A  of  Figure  7)  continuously 
receiving  range  marks  representing  the  range  of  the  tracking  system. 

It  also  receives  an  azimuth  gate  signal.  These  signals  are  combined  in 
coincidence  stage  VI,  and  the  output  is  a  gated  signal  that  eventually 
appears  as  the  arc  or  range  portion  of  the  electronic  cross.  This  signal 
is  sent  to  the  grid  of  V3;  this  point  seems  to  be  a  good  place  to  measure 
the  output  of  VI.  What  parts  will  affect  the  reading  at  this  point?  For 
the  moment,  assume  that  CR2  and  everything  to  its  left  is  removed  from 
the  chassis. 
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Figure  6 


Video-and-Mark  Mixer  7614979— Schematic  Diagram,  Blocking  Problems  Due  to  a  Co 
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mmmmmmm  Block  boundaries 

Check  points: 

Block  A— V3  pin  1,  pull  V2 
Block  B  — V3  pin  1,  pull  VI 

C  «  113  Common  parts: 

R24,  R25,  and  R26 

NOTE:  All  values  expressed  in  ohms 
and  microfarads  unless 
otherwise  indicated. 
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Figure  7 
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Figure  8 


through  C4  and  CRl,  and  then  is  developed 
cross  R24j  R25,  and  the  parallel  combination  of  R23  and  R26.  Since 
R23  IS  much  greater  in  value  than  R26,  its  effects  on  the  AC  output  of 
VI  can  be  ignored.  However,  R24,  R25,  and  R26  do  affect  the  output  of 
3  therefore,  should  be  placed  in  the  VI  block.  On  the  other  hand, 

u  u  incorrect  and  thus  this  part 

should  be  put  in  a  block  with  V3. 

Now  V2  (in  Block  B)  must  be  considered.  This  coincidence  stage 

f  Gate,  appears  at  the 

control  grid  of  V2  once  per  sweep;  the  other  signal,  the  Track  Azimuth 

Mark,  appears  only  when  the  azimuths  of  the  track  and  acquisition 
antenna  coincide.  The  tube  is  biased  so  that  both  signals  must  be  pres¬ 
ent  simultaneously  to  produce  an  output  signal.  Thus,  there  wRl  be  an 
output  from  V2  during  a  part  of  only  a  few  radial  sweeps  per  antenna 
revolution.  The  output  is  the  radial  part  of  the  electronic  cross.  This 
signal  also  goes  to  V3  pin  1,  and  is  developed  across  resistors  R24, 
R25,  and  R26-the  same  parts  which  developed  the  signal  for  VI.  It 

common  to  both  blocks. 

VI  and  V2  could  be  blocked  as  shown  in  Figure  7  (R24,  R25,  and  R26 
common  to  VI  and  V2,  and  R23  with  V3). 


Having  a  common  check  point  for  two  different  blocks  can  present 
problems  to  the  repairman.  This  would  be  especially  marked  when  the 
two  input  signals  were  combined  so  as  to  lose  their  separate  identity  at 
the  check  point.  In  some  instances,  the  signals  do  not  lose  their  identity 
when  mixed  at  the  check  point.  In  Figure  7,  the  normal  wave  form  at 
V3  pin  1  has  two  distinct  portions.  If  one  is  missing,  the  repairman  can 
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easily  determine  that  the  block  associated  with  that  portion  of  the  signal 
contains  the  fault.  However,  in  situations  where  the  identities  of  two 
signals  are  lost,  it  should  be  specified  that,  when  checking  one  block 
output,  the  output  from  the  other  block  should  be  removed.  In  Figure  7, 
for  example,  the  output  of  Block  A  can  be  easily  checked  after  pulling 
V2  or  removing  the  cable  at  J2. 

In  the  V3  stage,  the  Track  range  and  azimuth  marks  are  clipped; 
the  output  is  mixed  with  the  Acquisition  range  and  azimuth  marks  at 
R30.  All  marks  then  are  passed  through  C13,  developed  across  R28 
and  R32,  then  applied  to  the  grid  of  V4.  It  appears  that  there  can  be  a 
block  containing  all  the  parts  connected  to  the  plate  of  V3  and  the  grid 
of  V4,  with  two  exceptions:  R23  should  be  in  the  V3  block  since  it  biases 
V3;  for  a  similar  reason,  R31  should  be  in  the  block  containing  V4.  The 
Video-and-Mark  Mixer  chassis  would  now  be  blocked  as  in  Figure  9. 

Redefining  Blocks  in  Terms  of  Symptom  Information 

It  is  now  appropriate  to  discuss  a  different  type  of  consideration  in 
establishing  trouble  shooting  blocks.  This  consideration  is  the  relation 
of  symptom  informationto  system  blocking.  When  something  major  goes 
wrong  in  the  system  it  will  show  up  as  a  symptom  on  some  external 
indicator.  The  repairman  must  learn  the  relation  of  these  indications  or 
symptoms  to  the  various  channels  in  the  system  whichcan  produce  them. 
The  M-33  repairman  would  learn,  for  example,  that  when  one  portion  of 
the  electronic  cross  was  missing,  the  malfunction  must  lie  in  the  block 
(either  Block  A  or  Block  B  in  Figure  9)  that  deals  with  that  portion  of 
the  cross.  He  would  learn  also  that, if  all  track  and  azimuthmarks  were 
missing  but  video  signals  were  present,  then  the  trouble  must  lie  in 
those  blocks  that  deal  with  all  mark  signals  (Block  C  on  Figure  9).  Thus, 
if  the  electronic  cross  were  completely  missing  and  the  acquisition 
marks  were  present  on  the  PPI,  then  the  repairman  would  look  for  the 
trouble  in  Block  C. 

Again  consider  Figure  9  to  examine  the  V3  block  more  closely. 

All  the  parts  attached  to  the  plate  of  V3  up  through  CR4  could,  if  mal¬ 
functioning,  affect  both  portions  of  the  electronic  cross.  But  so  could 
the  three  resistors,  R24,  R25,  and  R26,  that  have  been  designated  as 
common  to  the  VI  and  V2  blocks.  Should  these  parts  be  common  to 
three  blocks?  No,  they  should  be  placed  solely  in  the  V3  block  as  shown 
in  Figure  10.  This  is  because,  beginning  with  R24,  all  parts,  affect  both 
portions  of  the  electronic  cross.  The  symptom  of  no  cross  would  lead 
the  repairman  to  the  V3  block  and  all  parts  which  could  cause  this  symp¬ 
tom  should  be  in  that  block. 

It  is  not  often  that  the  system  can  be  so  blocked  that  an  external  symp¬ 
tom  can  be  directly  related  to  a  single  block.  The  FORECAST  analysis 
does  not  strive  for  such  close  relationships,  but  the  relation  of  a  block 
to  the  symptoms  it  can  produce  must  be  considered  at  some  point  in  the 
analysis,  L';  he  above  example  it  led  to  redifinition  of  a  block. 

To  continue  our  analysis  of  Figure  10,  all  the  track  and  acquisition 
marks  are  clipped  in  V4  and  then  applied  to  V6,  where  they  are  adjusted 
for  equal  amplitude.  If  the  signal  from  V4  is  followed, , it  is" seen  that  it 
is  coupled  through  C14,  then  developed  across  R36,  R38,  and  R37.  This 
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Video-and-Mark  Mixer  7614979— Schemafic  Diagram,  Showing  Parts  Common  to  More 

Block  boundaries  I 

^  .  I  Block  A  ^^i8ov(Ai 


(3  Check  points; 

Black  A— V3.pin  pull  V2 
Black  B— V3  pin  1,  pull  VI 
Bl  ock  C—V4  pin  1 

Common  parts: 

R24,  R25,  and  R26 

NOTE:  All  volues  expressed  in  ahms 
and  microfarads  unless 
atherwise  indicated. 
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ram,  Showing  Parts  Common  to  More  Than  One  Block 


or 

PI 


4> 

{ 


Video-and-Mark  Mixer  7614979-Schematic  Diagram,  Use  of  Symptom  Information  to  Eliminate 


Block  boundaries 
Check  points: 


Block 

A- 

-V3 

pin  1^ 

1  pull 

V2 

Block 

B- 

-V3 

pin  1, 

pull 

VI 

Block 

C- 

-V4 

pin  1 

Block 

D- 

-V6 

pin  1 

Block 

E- 

-V7 

pin  2, 

pul  1 

V5 

Block 

F- 

*V7 

pin  2, 

pull 

V6 

Block 

G- 

-TP 

1 

r 

I. 


1 

4 


Common  ports: 

R57,  R58,  ond  CR9- 
Blocks  E  ond  F 
C20-Blocks  E,  F,  and  G 


NOTE:  All  volues  expressed  in  ohms 
and  microfdrods  unless 
otherwise  indicoted. 


VI  V2  V3  V4  V5  V6  V7 
3/?|  4^^ 
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Figure  10 


Use  of  Symptom  Information  to  Eliminate  Need  for  Com 


Figure  10 


Parts 


jy 


signal  can  be  measured  at  V6  pin  1.  R37  is  not  included  in  Block  D 
because  it  affects  the  DC  bias  of  V6  which,  even  if  incorrect,  would  not 
affect  the  AC  signal  at  V6  pin  1, 

The  remainder  of  Figure  10  presents  some  interesting  blocking 
problems.  It  will  be  noticed  that,  at  the  junction  of  R52  and  R53,  the 
marks  are  combined  with  video  signals  coming  from  V5,  The  combined 
signals  are  then  applied  to  Cathode  Follower  V7.  It  would  be  desirable 
to  have  the  three  stages,  V5,  V6,  and  V7  in  separate  blocks.  What  is  the 
best  blocking  procedure  to  accomplish  this? 

One  approach  would  be  to  measure  the  outputs  of  both  V5  and  V6  at 
the  grid  of  V7 .  This  could  be  accomplished  by  specifying  that,  when 
measuring  the  output  of  V6,  V5  should  be  pulled,  and  vice  versa.  Also, 
it  would  involve  determining  what  parts  to  the  right  of  C20  affect  the  ^ 
signals  at  V7  pin  2.  It  can  be  readily  concluded  that  parts  R57,  R58,  and 
CR9  would  affect  the  signal.  As  the  effect  of  R5  5  is  questionable  and 
would  have  to  be  determined  by  calculation  or  by  empirical  check,  assume 
that  It  does  not  affect  the  signal.  R56  would  not  affect  the  signal  at  V7 
pin  2.  Therefore,  these  stages  could  be  blocked  as  shown  on  Figure  10, 
Here  there  are  three  parts  that  are  common  to  Blocks  E  and  F,  and  one 
part,  C20,  that  is  common  to  three  blocks  (if  C20  opens,  the  outputs  of 
Blocks  E  and  F  will  be  bad;  if  C20  shorts,  the  output  of  Block  G  will  be 
incorrectj  but  its  inputs  will  appear  correct). 

Trade-Off  Between  Check  Point  Accessibility  and  Number  of 
Common  Parts  ^  ~ 


There  is  nothing  technically  wrong  with  the  blocking  in  Figure  10, 
but  it  might  be  well  to  eliminate  some  of  the  common  parts,  if  possible. 
One  way  of  doing  this  would  be  to  select  another  check  point—VS  pin  5 
plus  R53,  for  example.  Here  check  point  accessibility  would  be  sacri¬ 
ficed  to  eliminate  common  parts.  It  might  be  decided  that  the  additional 
time  required  to  make  a  measurement  at  this  point  would  be  more  than 
offset  by  the  ease  of  interpreting  the  measurement  and  determining  which 
parts  to  check  if  bad  readings  were  obtained. 

A  consideration  in  this  connection  is  the  procedure  the  repairman 
might  use  to  check  out  the  parts  within  a  block.  For  example,  suppose 
that  the  check  point  for  Blocks  E  and  F  were  at  V7  pin  2.  Assume 
further,  that  the  repairman  has  accurately  interpreted  a  bad  reading 
here  as  indicating  that  some  part(s)  in  Block  F  is  at  fault.  He  would 
then,  according  to  FORECAST  procedures,  begin  applying  chassis 
trouble  shooting  techniques  and,  after  checking  tubes,  would  check  the 
DC  resistance  readings  at  each  pin  of  V5  on  the  cold  chassis.  It  will  be 
noticed  that  not  all  parts  can  be  checked  out  in  this  fashion.  The  ones 
that  can  not  are  called  “hidden  parts”  and  have  to  be  checked  individ¬ 
ually  or  at  some  tube  pin  located  in  another  block.  Parts  R57,  R56,  and 
CR9  are  hidden  parts  with  respect  to  Block  F  because  resistance  meas¬ 
urement  at  V5  pin  5  would  not  be  affected  by  the  state  of  these  parts. 

Thus,  there  are  at  least  three  reasons  why  we  would  define  Blocks 
E,  F,  and  G  as  shown  in  Figure  11:  (l)  to  eliminate  common  parts, 
(2)  to  make  interpretation  of  the  measure  easier,  and  (3)  to  make  simple 
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chassis  trouble  shooting  procedures  applicable  for  checking  most  of  the 
parts  within  a  block. 

Review  of  Principles  Used  in  Analysis  of 
Video-and-Mark  Mixer  Chassis 

A  number  of  important  principles  were  demonstrated  during  the 
preceding  analysis: 

(1)  Blocks  should  be  arranged  so  that  all  their  parts  are  on  the 
same  chassis.  This  principle  was  applied  most  directly  to  the  treatment 
of  chassis  inputs  as  exemplified  by  the  treatment  of  part  RIO  inFigure  5 
(see  page  26). 

(2)  Check  points  should  preferably  be  selected  at  the  ends  of 
cables  or  at  tube  pins,  to  facilitate  check  point  accessibility.  A  devi¬ 
ation  from  this  procedure  was  made  to  eliminate  common  parts  and  to 
facilitate  chassis  trouble  shooting  (see  Figure  6  and  page  28).  The 
objective  in  this  instance  especially,  and  in  all  others  to  some  extent, 
was  to  arrange  blocks  so  that  practical  trouble  shooting  techniques  could 
be  easily  applied. 

(3)  When  possible,  the  blocks  should  be  so  arranged  that  there 
are  no  common  parts . 

(4)  There  should  be  no  reluctance  to  select  check  points  where 
two  or  more  signals  are  combined.  This  situation  should  be  handled  by 
specifying  the  procedures  for  removing  the  unwanted  signals  from  that 
point.  It  does  not  matter  what  the  signal  is  at  a  given  point,  so  long  as 
it  can  be  accurately  used  to  check  out  a  particular  portion  of  the  system. 

(5)  Where  possible,  symptom  information  should  be  usedtohelp 
determine  the  boundaries  of  the  blocks.  This  information  may  not  be 
available  during  the  initial  analysis,  but  eventually  it  must  be.  It  should 
then  be  used  to  assess  and,  if  necessary,  redefine  the  block  boundaries. 

There  are  a  few  features  of  the  Video-and-Mark  Mixer  chassis 
which  are  not  characteristic  of  most  chassis.  For  one  thing,  the  cir¬ 
cuitry  is  so  arranged  that  it  is  possible  for  each  stage  to  become  a  block. 
Generally  this  is  not  possible,  and  sometimes  two  to  three  stages  have 
to  be  combined  into  one  block.  Secondly,  this  chassis  contains  a  lot  of 
mixing  stages  where  various  inputs  are  combined  without  losing  their 
identity.  This  means  that  symptom  information  could  be  used  to  isolate 
the  trouble  directly  to  one  of  a  small  number  of  stages.  One  particular 
symptom  was  mentioned  (complete  absence  of  the  electronic  cross)which 
could  be  used  to  isolate  the  malfunction  to  Block  C.  Generally,  symp¬ 
toms  are  used  to  localize  the  fault  to  a  chain  of  blocks.  Then,  by 
block-output  checks,  the  trouble  is  further  localized. 

MULTIPLE-OUTPUT  BLOCKS 

Check  Point  Location  vs.  Measurement  Procedures 


Up  to  this  point,  fairly  simple  blocking  situations  have  been  dis¬ 
cussed.  Some  of  the  more  complex  situations  will  now  be  considered. 
The  M-33  4-kc  Oscillator  provides  a  good  vehicle  for  these  problems. 
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Video-and-Mark  Mixer  7614979— Schematic  Diagram,  Determining  the  Minimum  Size  of 


Block  boundaries 

Check  points; 

Block  A  — V3  pin  1,  pull  V2 
Block  B  — V3  pin  1,  pull  VI 
Block  C— V4  pin  1 
Block  D— V6  pin  1 
Block  E  — V5  pin  5,  plus  R53, 
pull  V5 

Block  F  — V5  pin  5,  plus  R53, 
pull  V6 

Block  G-TPl 

NOTE:  All  values  expressed  in  ohms 
and  microforods  unless 
otherwise  indicoted. 


Figure  11 


am,  Determining  the  Minimum  Size  of  a  Block 


Figure  11 
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4-kc  AF  Oscillator  7620521— Schematic  Diagram,  Showing  Block  Checked  Out  by  Pulling  Tube! 


Block  boundary 
Check  points 
Common  parts 


Iwing  Block  Checked  Out  by  Pulling  Tubes 


NOTE;  All  values  are  expressed  in 
ohms  end  miqrofarads  unless 
otherwise  indicated. 


Figure  12 


The  purpose  of  the  4-kc  oscillator  is  to  provide  reference  signals 
that  are  used  to  provide  azimuth  information.  Functionally, the  oscillator 
consists  of  three  stages-an  oscillator,  a  push-pull  amplifier,  and  a  cath¬ 
ode  follower  stage.  In  Figure  12,  dual  triode  VI  is  used  to  generate  the 
:  ,  ,  frequency  is  determined  by  the  L-C  combination 

01  ,Cl,C2,and  C3.  Resistors  R4,  R5,and  R6  are  used  to  regulate  the 
voltage  level  of  the  output  signal.  The  two  outputs  of  VI  are  each  fed  to 
one  half  of  the  push-pull  amplifier  V2  and  V3.  The  amplified  signals 
are  combinedin  T4,  and  then  distributed  to  various  portions  of  the  system. 

To  begin  the  analysis,  it  is  obvious  that  both  sections  of  VI  are 
necessary  to  produce  the  desired  signal.  Therefore,  they  should  be 
located  in  the  same  block.  The  two  outputs  of  VI  could  be  measured  at 
the  grids  of  V2  and  V3,  respectively.  It  will  be  noticed,  however,  that 
part  of  the  signal  output  from  V2  is  fed  back  through  R8  and  C5  to  the 
V2  grid.  A  similar  feedback  arrangement  exists  for  V3.  Therefore  a 
check  point  at  V2,  pin  1,  would  be  affected  by  two  signals,  one  from 
VIA  and  the  other  from  V2.  By  pulling  V2,  the  feedback  can  be  removed 
from  this  check  point,  and  a  measure  of  the  VIA  output  only  can  be 
obtained.  In  similar  fashion,  the  output  of  VIB  can  be  measured  at  the 
grid  of  V3,  provided  that  V3  is  removed  from  the  circuit.  What  parts 
are  measured  at  these  check  points?  In  addition  to  all  the  parts,  includ¬ 
ing  and  to  the  left  of  LI  on  Figure  12,  parts  R7,  R9,  Rll,  and  R12  would 
be  checked.  The  possibility  that  capacitors  C5  and  C6  might  be  open 
would  also  be  checked.  If  these  parts  were  shorted,  the  AC  signal  might 
not  be  affected  at  the  check  points,  but  the  output  of  the  amplifier  block 
would  be.  Therefore  C5  and  C6  are  common  parts. 

According  to  the  above  analysis,  a  block  could  consist  of  the  parts 
contained  within  the  block  boundary  shown  on  Figure  12.  This  block 
would  have  two  outputs,  and  to  check  out  the  block  two  tubes  would  have 
to  be  pulled.  Having  a  multi-output  block  is  quite  typical  and  should 
cause  the  analyst  no  concern.  But  the  necessity  for  pulling  two  tubes  to 
check  the  outputs  may  be  troublesome  from  a  practical  standpoint.  Can 
the  necessity  for  this  be  eliminated  in  the  present  instance  ? 

It  is  not  always  desirable  to  measure  outputs  at  the  grid  of  a  tube. 
Some  outputs  are  best  measured  at  the  plate  or  the  cathode  of  a  tube. 

In  the  present  example,  the  oscillator  outputs  could  be  measured  at  the 
plates  of  VIA  and  VIB  respectively.  Measures  at  these  points  would 
not  require  pulling  V2  and  V3.  This  would  seem  to  be  the  preferred 
way  of  blocking  VIA  and  VIB  (see  Figure  13). 

Chassis  Substitution 


The  oscillator  signals  are  amplified  by  V2  and  V3.  The  secondary 
of  T4  is  connected  to  the  various  chassis  in  the  system  that  employs  the 
4-kc  signal.  It  will  be  noticed  that  there  are  two  test  points,  TPl  and 
TP2,  which  are  connected  to  the  secondary  of  T4.  These  points  are  for 
checking  the  output  from  the  oscillator  chassis.  However,  the  secondarv 
of  T4  is  connected  to  a  number  of  terminating  resistors  and  one  coil, 
each  of  which  is  located  on  a  different  chassis.  If  one  of  these  parts 
goes  bad,  the  secondary  load  could  change  and  this  would  reflect  back 
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into  the  primary.  The  result  is  that  the  signal  at  TPl  and  TP2,  and  at 
any  point  connected  to  the  primary  of  T4,  can  be  affected  by  malfunc¬ 
tions  in  other  areas  of  the  system.  If  the  malfunction  in  these  other 
areas  is  in  the  nature  of  an  open  part,  then  probably  the  effect  will  not 
be  noticed  at  TPl  or  TP2. 

One  way  to  handle  this  problem  is  to  determine  what  parts  are 
connected  to  the  secondary  of  T4,  and  include  them  in  the  block  with  T4, 
V2,  and  V3.  This  would  make  for  a  cumbersome  trouble  shooting  block 
that  contained  parts  scattered  all  over  the  system.  An  alternative  would 
be  to  disconnect  T4  from  the  circuit  and  determine  what  the  resulting 
signal  should  be  at  pins  9  and  11  of  PI.  A  further  examination  of  this 
possibility  would  reveal  that  T4  cannot  be  readily  removed  from  the 
circuit.  A  third  alternative  would  be  to  open  the  secondary  of  T4  and 
determine  what  the  reading  at  TPl  should  be  under  these  conditions. 
This  would  be  a  good  procedure  except  that  the  secondary  cannot  be 
easily  opened,  (incidentally,  here  is  an  instance  where  a  system,  if 
engineered  for  the  repairman,  would  contain  some  easy  way  of  opening 
the  T4  secondary.) 

There  is  no  way  to  block  V2  and  V3  so  that  the  output  of  the  block 
can  be  readily  checked.  A  roundabout  procedure  would  be  to  employ 
chassis  substitution.  If  an  external  symptom  indicated  that  something 
was  wrong  with  the  4-kc  signal,  the  oscillator  output.  Block  A  onFigure  13, 
could  be  checked.  If  this  were  good,  then  the  repairman  could  assume 
that  the  trouble  was  in  Block  B  that  contains  V2  and  V3.  This  block  can 
be  checked  by  substituting  a  new  4-kc  oscillator  chassis.  If  the  trouble 
still  persists,  it  must  lie  in  T4  or  in  one  of  the  parts  connected  to  the 
secondary  of  T4.  After  checking  T4,  the  repairman  would  have  to  make 
a  series  of  continuity  checks  over  the  4-kc  distribution  system  until  the 
trouble  was  found.  Block  B  would  also  include  parts  R14,  R18,  and  R15, 
which  are  at  the  input  to  V4  but  are  connected  to  the  secondary  of  T4. 

Cathode  Follower 

There  are  other  parts  on  the  4-kc  AF  Oscillator  chassis  which  have 
not  as  yet  been  placed  into  a  trouble  shooting  block.  On  Figure  13,  these 
are  the  parts  associated  with  V4,  a  cathode  follower  stage. 

Tube  V4  receives  its  input  through  pin  3  of  the  PI  plug.  This  pin  3 
is  connected  to  the  secondary  terminal  of  T4,  located  in  the  track  receiver 
control  cabinet.  Functionally,  the  cathode  follower  is  like  other  loads 
connected  to  the  T4  secondary,  and  will  behave  as  these  loads  do.  That 
is,  a  malfunction  associated  with  any  one  of  th(p  loads  will  result  in  a 
bad  input  to  the  cathode  follower  stage. 

The  input  to  the  cathode  follower  stage  can  be  measured  at  V4  pin  2. 
As  seen  on  Figure  13,  this  input  could  be  affected  by  malfunctions  in 
R14,  R15,  R18,  and  C7.  Notice,  however,  that  regardless  of  how  the 
three  resistors  malfunction,  the  input  at  V4  pin  2  would  be  incorrect. 
Therefore,  these  three  parts  should  be  placed  in  the  V2.  V3  amplifier 
block.  Capacitor  C7  will  affect  either  the  input  to  V4  or  the  output  of 
V4,  depending  onhow  it  malfunctions .  Therefore, C7  should  be  designated 
a  common  part. 
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Determining  Trouble  Shooting  Blocks  for  the  4-kc  AF  Oscillator  Ch 


o 


Block  boundories 
Check  points 
Common  port 


u  o 


NOTE:  Ail  values  are  expressed  in 
ohms  and  microfarods  unless 
otherwise  indicated. 


In  the  present  example,  the  output  of  V4  goes  to  a  line  slew  resolver, 
and  this  resolver  is  the  only  load  for  the  cathode  follower.  Thus,  it 
should  be  considered  a  part  of  the  cathode  follower  block  because  a 
malfunction  in  the  resolver  would  affect  the  V4  output.  The  cathode 
follower  block  should  include  both  V4  and  the  resolver,  and  the  output 
checkpoint  for  the  block  should  be  at  the  output  terminals  of  the  resolver. 


TRANSFORMER-COUPLED  STAGES 

General  Blocking  Procedure 


We  have  seen  in  the  preceding  section  that  the  presence  of  trans¬ 
formers  can  make  blocking  quite  difficult.  This  section  describes  more 
fully  the  FORECAST  procedures  for  dealing  with  these  difficulties. 

A  fundamental  characteristic  of  electronic  systems  is  the  relative 
insensitivity  of  early  stages  to  malfunctioning  later  stages,  when  stages 
are  serially  connected  and  are  without  feedback.  Signals  appearing  on 
the  grid  of  a  grounded  cathode  amplifier  are  not  usually  affected  by 
malfunctions  occurring  in  the  plate  circuit.  This  characteristic  permits 
easy  fault  location  and  forms  a  basis  for  any  systematic  procedure  for 
trouble  shooting  electronic  equipment. 

Attention  is  now  directed  to  transformer-coupled  circuits.  Trans¬ 
formers  themselves  are  such  useful  parts  that  they  appear  often  in 
electronic  circuits.  Consider  simple  transformers,  having  one  primary 
and  one  secondary  winding.  It  is  important  to  consider  what  happens  in 
the  primary  circuit  of  a  transformer  as  a  result  of  a  malfunction  in  the 
secondary  circuit.  This  depends,  in  part,  on  the  turns  ratio.  The  step- 
up  type  of  transformer,  often  used  for  interstage  coupling,  takes  a 
relatively  low  voltage  at  the  primary  terminals  and  steps  it  up  to  a  much 
higher  voltage  at  the  secondary  terminals.  The  secondary  terminals 
will  have  some  sort  of  load  connected  to  them.  Often  a  resistor  shunts 
the  secondary  terminals.  The  question  is,  what  effect  will  the  condition 
of  this  resistor  have  on  the  voltage  at  the  primary  terminals? 

Seen  from  the  primary  terminals,  the  load  in  the  secondary  will  be 
greatly  reduced.  This  means  that  a  one-ohm  change  in  the  secondary 
resistance  will  look  like  a  fraction  of  an  ohm  in  the  primary.  The  effect 
that  this  will  have  on  the  primary  will  depend  upon  the  remainder  of 
the  primary  circuit. 

With  step-down  transformers,  on  the  other  hand,  a  one-ohm  change 
in  the  secondary  will  look  like  more  than  one  ohm  in  the  primary.  In 
both  cases,  step-up  or  step-down,  it  is  evident  that  changes  in  secondary 
loading  will  have  an  effect  in  the  primary.  Because  of  this,  transformers 
do  not  have  that  isolating  property  which  characterizes  vacuum  tubes. 
Hence,  it  is  not  possible  to  block  circuits  containing  transformers  as  if 
the  transformers  were  isolating  elements.  In  blocking  electronic  cir¬ 
cuits  which  contain  transformers,  the  transformers  themselves  must  be 
considered  to  be  bilateral  circuit  elements,  much  like  resistors.  It  is 
not  permissible  to  block  the  circuit  so  that  the  primary  of  the  trans¬ 
former  lies  in  the  first  block  and  the  secondary  lies  in  the  next  block. 
The  transformer  must  lie  wholly  within  the  first  blgck,  and  parts  in  the 
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secondary  circuit  of  the  transformer  that  can  affect  the  output  check 
point  of  that  block  must  be  included  in  the  same  block  with  the  transformer. 

Transformer  Blocking:  An  Example 

example,  consider  the  Acquisition  IF  Amplifier  from 

M-33  (see  Figure  14).  In  this  circuit,  it  is  desirable  to  have  V6  and 
V7  in  separate  blocks.  Transformer  T7  links  the  signal  from  V6  to  V7. 

In  blocking,  there  are  always  two  interrelated  questions  that  must  be 
^swered:  Where  is  the  check  point,  and  where  is  the  boundary  of  the 
ocks  .  Let  pm  1  of  V7  be  selected  as  the  check  point  for  the  block  con- 
taining  V6.  Now,  locate  the  boundary  of  the  V6  block  to  the  right  of  R48. 
putting  T7  into  the  V6  block.  This  represents  the  general  solution  to 
blocking  transformers;  namely,  all  parts  attached  to  both  the  primary 
and  secondary  of  the  transformer  affect  the  output  and  should  be  placed 
in  the  same  block.  If  the  boundary  of  the  V6  block  were  made  to  pass 
through  the  center  of  the  transformer,  placing  the  primary  in  the  pre¬ 
ceding  block  and  the  secondary  in  the  following  block,  then  the  rule  that 
every  part  affecting  the  output  of  the  block  must  be  contained  within  that 
block  would  have  been  violated. 

irr,  made  so  that  the  transformer  were  in  the 

block.  By  doing  this, the  check  point  could  be  pin  5,  V6.  If  this  were 
e  case,  and  the  primary  shorted,  a  bad  signal  would  appear  at  V6,  pin  5. 
ut  since  the  transformer  was  placed  with  V7,the  transformer  would  not 
be  expected  to  originate  the  trouble.  Now,  as  a  matter  of  fact,  if  pin 
resistance  readings  were  taken  on  V6,  the  short  circuit  would  be  dis¬ 
covered  and,  despite  the  fact  that  the  transformer  was  placed  in  V7 
block,  the  trouble  would  be  found.  However,  a  more  subtle  type  of  mal¬ 
function  could  occur  in  which  the  condition  of  the  transformer  could  not 
be  determined  by  a  resistance  check  of  the  primary.  If  the  secondary 
^  short,  for  example,  the  signal  appearing  at  V6  pin  5  could  be 

sufficiently  changed  to  lead  us  to  assume  that  the  trouble  was  in  the  V6 
block  rather  than  in  the  V7  block.  Therefore,  we  do  not  block  the 
transformer  in  this  way. 

To  be  sure,  in  some  types  of  circuits  the  interaction  between  pri¬ 
mary  and  secondary  circuits  is  so  complicated  that  it  is  not  possible  to 
block  them  at  all,  and  an  entirely  different  approach  to  trouble  shooting 
must  be  employed.  A  fairly  standard  technique  is  to  substitute,  for  the 
normal  load  on  the  secondary  of  a  transformer,  a  dummy  load  that  is 
known  to  be  good.  If  the  trouble  persists,  then  it  is  assumed  to  be 
located  in  portions  of  the  signal  chain  coming  before  this  transformer. 


TREATMENT  OF  FEEDBACK  CIRCUITS 

General  Blocking  Procedure 

One  does  not  proceed  very  far  in  the  analysis  of  complex  electronic 
systems  before  being  faced  with  feedbacks.  Broadly  speaking,  feedback 
refers  to  circuitry  in  which  part  of  the  output  signal  is  joined  to  the  input 
signal.  The  various  technical  aspects  of  feedback  circuits  will  not  be 
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ematic  Diagram  an  Example  of  Transformer  Blocking 
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discussed  in  any  detail  or  with  any  significant  breadth.  Ratherj  how  the 
FORECAST  Trouble  Shooting  Method  of  Analysis  can  be  used  to  handle 
the  feedback  problem  for  repairmen  will  be  shown. 

Feedback  circuits  are  required  for  various  reasons:  stabilityj 
broad-band  frequency  response,  impedance  matching,  reduction  of 
nonlinear  distortion,  frequency  generation,  and  gain  control— to  mention 
a  few.  There  is  a  kind  of  circularity  which  confronts  the  repairman  in 
feedback  circuitry.  For  example,  suppose,  as  in  Figure  15,  a  signal  is 
sent  through  Blocks  A,  B,  C,  and  D,  then  on  out  through  the  rest  of  the 
system.  In  addition,  suppose  that  the  signal  that  is  sent  on  to  D  is  also 
sent  to  E,  after  which  it  is  returned  to  A.  Now,  suppose  that  C  provides 
a  bad  output.  Also,  suppose  that  the  signal  into  A  from  alpha  is  good. 

All  that  can  really  be  said  with  any  confidence  is  that  one  of  the  blocks— A, 
B,  Cj  or  E— is  bad.  In  fact,  if  the  outputs  of  all  those  blocks  were  meas¬ 
ured,  it  would  be  found  that  all  of  them  were  bad.  This  follows  from  the 
general  rules  of  blocking— if  one  bad  signal  enters  a  block,  the  output 
must  be  bad.  C  has  a  bad  output,  requiring  E’s  output  to  be  bad,  making 
A’s  output  bad,  making  B’s  output  bad. 

Where  is  the  malfunction  that  produced  this  merry-go-round?  Who 
can  tell?  Fortunately,  things  are  not  quite  hopeless;  it  can  be  determined. 
It  is  possible  to  locate  the  malfunctioning  part  by  breaking  the  feedback 
loop.  This  is  done  by  opening  the  connection  which  joins  E  with  A. 
Naturally,  this  will  not  correct  the  trouble,  but  it  will  permit  locating 
the  fault,  provided  the  open-loop  response  has  been  obtained  beforehand 
by  the  systems  analysts  who  determined  the  trouble  shooting  checkpoints. 
That  is,  by  recognizing  the  presence  of  feedback  loops,  it  is  possible  to 
obtain  the  open-loop  response  of  the  blocks  within  the  circuitry  before 
equipment  malfunction,  so  that  they  may  be  treated  as  if  they  were  not 
in  a  feedback  circuit  when  a  malfunction  is  present.  An  illustration 
might  be  helpful  in  this  connection. 

Block  Diagram  Showing  a  Feedback  Loop 
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Figure  15 


Blocking  Feedbacks:  An  Example 


Figure  16  is  a  diagram  of  a  very  simple  sort  of  feedback  R /C 
coupled  amplifier.  This  two-tube  amplifier  has  feedback  around  only 
the  last  stage,  R4/C3  being  the  parts  affecting  the  feedback.  The  signal 
enters  VI  on  the  control  grid,  is  coupled  from  the  plate  of  VI  through 
the  coupling  capacitor  C2  to  the  grid  of  V2,  and  to  ground  through  the 
grid  resistor  R3.  The  signal  appearing  at  the  grid  of  V2  from  VI  is 
amplified  and  coupled  from  the  plate  of  V2  through  the  coupling  capacitor 
C5  to  the  output  terminal.  In  addition,  the  plate  voltage  is  coupled  back 
to  the  grid  resistor  by  means  of  C3  and  R4,  the  feedback  coupling 
network.  A  positive  going  signal  on  the  grid  resistor  from  V2  produces 
a  negative  going  signal  at  the  plate  of  V2,  that  is  dropped  across  the 
voltage  divider  consisting  of  R4  and  R3,  the  grid  resistor  as  a  negative 
going  signal.  As  the  input  signal  and  the  feedback  signal  are  of  reverse 
polarity,  the  feedback  is  called  negative.  The  output  is  fed  back  in  such 
a  way  that  it  tends  to  reduce  itself.  Clearly,  by  varying  the  magnitude 
of  R4  with  respect  to  R3,  one  can  obtain  differing  amounts  of  feedback. 

Assume  that  the  ratio  of  R4  to  R3  is  such  that  when  the  two  signals 
combine,  their  sum  is  almost  enough  to  saturate  V2.  Under  this 


Schematic  Diagram  Showing  Blocking  Treatment 
of  Plate-to-Grid  Feedback 


Figure  16 
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condition,  if  the  feedback  connection  should  become  lost,  V2  will  saturate 
and  the  output  of  the  stage  will  be  bad.  On  the  other  hand,  if  the  check 
point  were  made  at  the  grid  of  V2,  as  before,  and  the  signal  was  not  right, 
there  would  be  no  way  of  telling  from  the  measurement  of  the  signal  at 
that  point  which  signal  was  to  blame,  the  feedback  or  the  signal  from  VI. 
Suppose  the  signal  level  increased  from  VI.  This  could  mean  that  the 
feedback  voltage  had  decreased,  or  it  could  mean  that  the  signal  voltage 
had  increased.  It  could  not  be  determined  positively.  However,  the 
feedback  connection  can  be  deliberately  broken  when  the  equipment  does 
not  have  a  malfunction  in  it  (for  the  purpose  of  obtaining  check  point 
wave  forms).  When  a  malfunction  does  occur,  it  will  then  be  possible 
to  break  the  feedback  to  determine  if  the  trouble  is  in  the  preceding  or 
the  following  stages. 

It  is  not  necessary  to  unsolder  the  feedback  connection  to  break  it. 

In  the  example,  it  is  necessary  only  to  remove  the  tube  V2  from  its 
socket  and  measure  at  the  grid  terminal  of  V2.  The  signal  measured 
there  will  be  the  signal  without  feedback  and  will  enable  the  repairman 
to  tell  if  the  trouble  lies  in  parts  associated  with  VI  or  in  those  associ¬ 
ated  with  V2, 

With  respect  to  blocking  this  circuit,  it  should  be  possible  to  include 
VI,  its  cathode  resistor  R1  and  bypass  capacitor  Cl,  its  plate  load 
resistor  R2,  the  coupling  capacitor  C2,  and  the  grid  resistor  R3  of  V2, 
in  Block  A,  placing  all  the  remaining  parts  in  Block  B.  The  check  point 
for  Block  A  is  the  control  grid  of  V2.  To  check  the  output  of  Block  A, 
it  is  necessary  to  remove  V2.  This  done,  the  feedback  signal  will  not  be 
present  at  the  check  point,  and  evidence  of  the  proper  operation  of 
Block  A  can  be  obtained. 

Feedback  Circuitry  Types 

The  FORECAST  approach  categorizes  feedbacks  into  two  general 
classes  called  “sustaining”  feedbacks  and  "modifying”  feedbacks.  The 
techniques  for  analyzing  circuitry  into  trouble  shooting  blocks  will 
depend  on  which  type  of  feedback  is  considered. 

The  term  “sustaining”  feedback  refers  to  circuitry  in  which,  if  the 
feedback  loop  is  broken,  there  will  be  no  main  signal.  In  other  words, 
there  will  be  no  open-loop  response.  In  the  block  diagram  of  Figure  15, 
for  example,  if  Block  E  were  to  fail  so  that  no  signal  were  sent  from  E 
to  A,  and  as  a  result  no  signal  at  all  were  sent  to  B,  and  so  on,  this 
would  be  identified  as  a  sustaining  type  of  feedback.  Oscillators,  in 
general,  have  this  type  of  feedback. 

On  the  other  hand,  sustaining  feedback  circuitry  cannot  be  blocked 
by  opening  the  feedback  loop  and  determining  the  open-loop  response. 
Such  circuitry  must  be  handled  so  that  the  feedback  loop  lies  within  the 
block.  In  the  example  described  for  Figure  15,  this  would  mean  that  if 
the  feedback  from  Block  C  to  Block  A  is  a  sustaining  feedback,  then 
Blocks  A,  B,  C,  and  E  must  all  be  contained  within  one  trouble  shooting 
block.  Figure  13,  the  M-33  4-kc  oscillator,  contains  another  example 
of  the  sustaining  feedback.  Here  VIA  and  VIB  make  up  the  oscillator 
stage  and  must  both  be  contained  within  the  same  block. 
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A  “modifying*’  feedback  refers  to  circuitry  in  which,  if  the  feedback 
oop  IS  broken,  the  main  signal  will  be  disturbed  but  will  not  be  com¬ 
pletely  missing.  In  these  instances,  the  open-loop  response  of  the 

checkout  the  circuit.  Again  referringto  Figure  15, 
if  Block  E  were  to  fail  so  that  no  signal  were  sent  to  Block  A,  and  as  a 
result  the  signal  from  A  to  B,  and  so  on  were  changed  but  not  absent, 
then  this  would  be  identified  as  a  modifying  type  of  feedback.  In  circuits 
having  this  type  of  feedback,  trouble  shooting  Blocks  A,  B,  and  C  can 
be  created,  but  it  must  be  specified  that  the  feedback  must  be  broken 
before  these  blocks  can  be  checked. 

An  example  of  a  modifying  feedback  would  be  the  R4/C3  network  in 
feedback  were  removed,  depending  on  the  nature 
of  the  input  signal  from  Block  A,  Block  B  would  continue  to  have  an 
output.  From  the  standpoint  of  normal  system  operation,  this  open-loop 
signal  would  be  incorrect.  However,  this  signal  could  still  be  used  to 
check  Block  A,  so  long  as  the  “normal”  open-loop  signal  was  known. 

«  ^  reader  may  be  aware  that  there  is  a  class  of  feedbacks  termed 
stabilizing”  feedbacks.  These  are  used  to  prevent  some  type  of  over¬ 
response  of  the  system.  This  feedback  category  has  been  subsumed 
under  the  modifying  feedback  heading.  However,  the  analyst  should 
etermine  whether  a  modifying  feedback  is  being  used  for  stability 
purposes.  If  so,  then  it  must  be  determined  whether  system  damage 
will  occur  if  this  stability  feedback  is  removed.  For  example,  feedback 
loops  may  be  used  to  reduce  the  response  time  in  some  portion  of  the 
system.  Opening  these  loops  may  resultin  excessive  oscillatory  behavior 
and  system  damage.  Naturally,  the  analyst  must  determine  if  such 
damage  is  likely  to  occur.  If  so,  the  blocking  must  be  arranged  so  that 
the  feedback  does  not  have  to  be  broken  to  check  the  blocks. 

In  summary,  sustaining  feedback  circuitry  cannot  be  blocked  by 
determining  the  open-loop  response.  Such  circuitry  must  be  blocked  so 
that  the  complete  feedback  loop  lies  within  the  block.  Modifying  feed¬ 
back  circuitry  can  be  blocked  by  opening  the  feedback  loop  to  determine 
the  open-loop  response.  In  this  circuitry,  feedback  loops  might  become 
blocks  in  themselves  (see  Figure  15).  Stability  feedbacks  are  a  subclass 
of  modifying  feedbacks  but  must  be  included  within  one  block  if  breaking 
the  feedback  will  cause  system  damage. 
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Section  3 


THE  DETERMINATION  OF  SYMPTOM  AND 
CHECK  POINT  INFORMATION 

SYMPTOM  INFORMATION 

Use  of  Symptom  Information 

After  the  circuit  analysis  described  in  Section  2  has  been  completed^ 
all  electronic  parts  of  the  system  can  be  described  as  being  located  in 
one  or  more  trouble  shooting  blocks.  The  next  step  in  the  analysis  is 
to  determine  the  relationship  between  these  blocks  and  the  various  com¬ 
mon  symptoms  which  may  appear  on  scopes  or  meters^  or  during  control 
operations.  Understanding  of  the  manner  in  which  symptom  information 
is  treated  in  the  FORECAST  approach  should  be  furthered  by  a  review 
of  the  first  two  steps  of  the  FORECAST  trouble  shooting  procedure.* 

The  initial  FORECAST  trouble  shooting  step  involves  the  collection 
of  display  and/or  operational  symptoms.  To  obtain  these  symptoms, 
the  repairman  attempts  to  (l)  energize  the  system  completely,  (2)  place 
all  visual  displays  in  an  operational  condition,  and  (s)  operate  the  sys¬ 
tem  in  all  operational  modes.  During'  this  activity  these  questions 
are  asked: 

What  is  missing  or  wrong  with  the  external  visual  displays? 

Under  what  operating  conditions  are  the  displays  abnormal? 

What  operations  will  the  system  not  perform  properly? 

This  operational  checkout  procedure  terminates  either  with  a  decision 
that  the  system  is  in  good  working  order  or  with  a  description  of  the 
external  manifestation(s)  — the  symptoms— of  the  malfunction. 

Once  the  symptoms  have  been  described,  the  trouble  shooter  per¬ 
forms  Step  2  of  the  trouble  shooting  procedure.  This  step  involves 
isolating  the  malfunction  to  the  group  of  blocks  which,  if  containing  a 
fault,  could  produce  the  obtained  symptom.  This  process  is  called 
“symptom  to  symptom  area  localization.”  It  is  made  possible  by  the 
unvarying  relationship  between  symptoms  and  the  areas  of  the  system 
which  govern  their  production.  Each  signal  channel  of  a  radar  system, 
and  each  functional  stage  within  that  channel,  serves  a  particular  pur¬ 
pose.  When  a  malfunction  occurs,  a  particular  symptom  will  appear. 
This  symptom  might  be  specifically  related  to  one  trouble  shooting 
block  within  a  channel;  at  the  very  least,  it  can  be  related  to  a  small 
number  of  blocks  within  a  channel. 

'See  HumRRO  Technical  Report  63,  op.  cU.,  for  complete  des  cription  of  the  FORECAST 
trouble  shooting  procedure. 
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For  the  repairman  to  make  use  of  this  relationship,  he  must  be 
aware  of  the  general  function  of  each  signal  channel  and  each  block 
within  that  channel.  To  aid  the  repairman  in  obtaining  this  information, 
the  system  analysts  must  determine  the  relationship  between  faulty 
trouble  shooting  blocks  and  the  resultant  symptoms.  Thus,  the  purpose 
of  analyzing  a  system  in  terms  of  symptom  information  is  to  provide 
the  repairman  with  information  that  allows  him  to  logically  deduce  the 
area  of  the  system  (symptom  area)  in  which  the  fault  is  located. 

Symptom  information  might  be  employed  in  two  general  ways.  One 
way  would  be  to  use  this  information  to  isolate  the  malfunction  to  one 
block,  or  even  to  one  part  within  that  block.  Sometimes  this  is  possible, 
but  not  often.  Even  when  it  is  possible,  it  usually  involves  making  very 
fine  symptom  discriminations  which  are  difficult  to  teach.  To  circum¬ 
vent  this  problem,  the  FORECAST  procedure  uses  symptom  information 
to  isolate  a  trouble  to  a  general  area  of  the  system.  Trouble  shooting 
block  outputs  are  then  used  to  isolate  the  trouble  to  a  block.  By  using 
this  procedure  the  repairman  does  not  have  to  concern  himself  with  tL 
countless  variations  which  symptoms  may  take.  Instead,  the  important 
point  IS  whether  a  symptom,  regardless  of  its  subtleties,  can  lead  the 
repairman  to  the  group  of  blocks  containing  the  fault.  For  example,  the 
complete  absence  of  a  range  sweep  is  a  different  symptom  from  the 
absence  of  a  range  sweep  toward  the  maximum  range  of  the  radar  sys¬ 
tem.  However,  if  the  same  channel  of  trouble  shooting  blocks  is  involved 
in  each  instance,  then  the  two  symptoms  can  be  combined  into  the  gen¬ 
eral  symptom,  “something  is  wrong  with  the  range  sweep.”  This  is  an 
easy  symptom  for  the  repairman  to  detect  and  will  always  lead  him  to 
a  certain  group  of  blocks.  He  can  then  use  block  outputs  to  isolate  the 
fault  to  a  single  block. 


Collection  of  Symptom  Information 

When  obtaining  symptom  information,  the  analyst  should  distin¬ 
guish  between  symptoms  at  the  same  location  produced  by  different 
conditions:  (1)  symptoms  produced  by  the  complete  absence  of  a  block 
output  as  contrasted  with  those  produced  by  a  distorted  block  output, 
and  (2)  symptoms  produced  by  a  faulty  part  as  contrasted  with  those 
produced  by  a  misadjustment. 

The  first  step  is  to  determine  what  symptoms  are  produced  by  the 
complete  absence  of  a  block  output.  To  do  this,  the  analyst  examines 
each  block,  assumes  the  output  to  be  missing,  and  predicts  the  result 
which  will  show  up  on  the  external  indicator (s)  associated  with  that 
block.  -“The  analyst  should  be  certain  to  indicate  all  the  places  where 
the  symptoms  might  appear.  Usually,  the  same  symptom  may  be  pro- 
uced  by  any  one  of  a  number  of  blocks  within  the  same  channel. 

In  some  cases  the  relationship  between  symptoms  and  block  outputs 
cannot  be  determined  by  analysis  of  schematic  diagrams  and  handbooks 
on  theory  of  operation.  In  such  cases  the  analyst  must  go  to  the  system, 
destroy  the  output  of  each  block  in  turn  by  pulling  a  tube,  disconnecting 
a  cable,  or  removing  a  part,  and  record  the  resulting  symptoms. 
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In  some  instances  the  analyst  must  determine  whether  a  faulty  nart 
within  a  block  will  destroy  the  block  output  completely  or  only  distort 
that  output.  If  the  output  is  only  distorted,  then  he  must  identify  the 
resulting  symptom.  Finally,  the  analyst  must  decide  whether  this  symp- 
tom  IS  different  enough  from  that  produced  by  the  absence  of  a  block 
output  so  that  both  symptoms  should  be  specificallytaught  to  the  repair¬ 
man.  Such  decisions  are  difficult  to  make,  but  fortunately  the  occasion 
for  making  them  does  not  arise  often. 

Obviously,  a  bad  tube  will  usually  cause  the  complete  absence  of 
block  output.  Many  of  the  parts  within  that  block,  if  faulty,  will  also 
result  in  absence  of  output.  Thus,  symptoms  produced  by  bad  tubes 
capacitors,  resistors,  and  so  forth,  are  usually  the  same  or  so  similar 
that  they  can  be  described  in  similar  terms.  When  this  is  not  so,  it  is 
best  to  describe  the  particular  symptom  in  question,  then  relate  it  to 
the  one  or  more  blocks  that  may  contain  the  fault. 

So  far,  the  discussion  has  dealt  with  symptoms  produced  by  faulty 
parts.  It  IS  necessary  also  to  determine  those  symptoms  produced  by 
aulty  adjustments.  Certain  symptoms  can  be  directly  associated  with 
problems.  The  analyst  can  derive  these  by  determining, 
either  theoretically  or  on  the  equipment,  what  happens  when  adjustments 
are  misadjusted  first  in  one  direction  and  then  in  the  other.  There  is 
another  group  of  symptoms  which  may  be  due  either  to  a  misadjustment 
or  to  a  faulty  part.  These  can  be  handled  by  first  determining  what 
ymptom  will  occur  when  there  is  a  misadjustment.  If  the  symptom  is 
similar  to  that  produced  by  a  faulty  part,  then  that  symptom  is  not 
included  among  the  adjustment  symptoms.  In  other  words,  the  category 
of  adjustment  symptoms  includes  those  symptoms  that  are  produced 
only  by  misadjustments. 

■  The  rationale  for  the  FORECAST  treatment  of  adjustment  prob¬ 
lems  IS  as  follows.  Certain  misadjustments  produce  symptoms  that 
are  similar  to  those  produced  by  faulty  parts.  When  such  symptoms 
occur,  the  repairman  can  not  know  immediately  that  an  adjustment  is 
at  fault.  Therefore,  he  must  interpret  the  symptom  in  terms  of  which 
trouble  shooting  blocks  may  contain  the  fault.  He  can  then  check  the 
of  these  suspected  blocks  until  the  faulty  block  is  found. 

If  this  block  contains  an  adjustment,  he  can  check  to  see  if  the  trouble 

IS  due  to  a  misadjustment  before  checking  the  individual  parts  within 
the  block. 

One  important  restriction  should  be  placed  upon  this  procedure. 
Assuming  that  everything  once  was  properly  adjusted,  the  presence  of 
a  symptom  indicates  that  some  part  is  out  of  tolerance.  The  symptom 
^  seldom  the  fault  of  adjustments,  which  cannot  readily  be  changed 
Quite  possibly  one  or  more  adjustments  can  now  be  reset,  and  thus,  for 
a  time,  the  effect  of  the  faulty  part  is  overcome.  Eventually,  however, 
the  faulty  part  must  be  replaced,  and  when  this  is  done  the  system  must 
be  readjusted.  Therefore,  the  approach  stresses  that  adjustments  should 
not  be  moved  indiscriminately. 

In  the  FORECAST  approach,'  the  repairman  is  taught  to  trouble 
shoot  to  a  block  and  then  is  told  that  he  may  first  check  certain 
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adjustmGnts  that  arG  containGd  within  thG  block,  HowGvcr^  thG  systGm 
analysts  must  datarminG  whGthGr  thGSG  adjustmGnts  affGCt  the  output  of 
3-ny  prGCGding  blocks  in  the  same  channel.  If  they  doj  then  the  repair¬ 
man  should  be  instructed  to  trouble  shoot  for  a  bad  part  and  leave  the 
adjustment(s)  alone.  By  doing  this,  chances  of  misaligning  an  entire 
channel  of  the  system  are  reduced. 

At  this  stage  of  the  analysis,  the  analyst  should  have  before  him  a 
list  of  all  the  trouble  shooting  blocks  in  the  system  and,  for  each  block, 
a  description  of  the  symptoms  which  should  be  produced  if  the  block 
contains  a  malfunction.  The  next  step  is  to  collate  this  information  in 
terms  of  blocks  which  produce  similar  symptoms.  The  result  of  this 
will  be  a  set  of  statements  such  as; 

(1)  Symptom:  Electronic  cross  missing  on  PPI  and  PI  scopes 
malfunction  can  be  in  Block  C,  D,  E,  or  F. 

(2)  Symptom:  Cannot  track  targets  in  automatic  mode  — 
malfunction  can  be  in  Block  H,  I,  or  J. 

(3)  Symptom:  High  voltage  meter  reads  high  in  current  and 
low  in  voltage— malfunction  in  Block  M,  N,  or  P. 

(4)  Symptom:  Range  sw'eep  jumps  across  A-scope  as  range 
hand  wheel  is  turned  — adjustment  A  is  misadjusted. 

The  above  information  is  then  grouped  by  type  of  symptoms,  for 
easier  presentation  to  the  students.  Grouping  into  four  types  of  symp¬ 
toms  is  useful  for  training  purposes:  (l)  Meter  symptoms,  (2)  scope 
symptoms,  (s)  operational  symptoms,  and  (4)  adjustment  symptoms. 
The  information  is  then  used  in  devising  conference  and  practical  exer¬ 
cise  material  for  training  in  symptom  interpretation. 


REQUIRED  CHECK  POINT  INFORMATION 

Once  a  system  has  been  analyzed  into  trouble  shooting  blocks,  the 
analyst  can  begin  to  specifically  determine  what  the  wave  form  and 
voltage  readings  should  be  at  each  of  the  block  output  check  points. 
This  IS  a  two -stage  process  in  which  the  initial  information  is  obtained 
by  theoretical  analysis  of  the  system,  using  schematic  diagrams  and 
manuals  on  theory  of  operation.  These  sources  will  not  provide  all  the 
desired  check  point  information,  so  the  system  itself  must  be  studied 
to  determine  those  block  outputs  which  can  not  be  readily  predicted  by 
schematic  analysis.  The  desired  check  point  information  consists  of 
the.  following: 

(1)  The  location  of  the  check  point. 

(2)  The  normal  reading  .at  the  check  point. 

(3)  The  testing  instrument  to  be  used  at  the  check  point. 

(4)  The  conditions  under  which  the  check  point  reading  should 

be  taken.  These  include: 

(a)  The  mode  of  operation  of  the  system. 

(b)  The  special  testing  accessories,  if  any,  that 
are  required. 

(c)  The  tubes  that  should  be  pulled  or  cabtes  and/or  wires 
that  should  be  disconnected  before  making  the  check. 
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Use  of  Check  Point  Information 

f  FORECAST 

operational  checkout  ot  the  system  wine  t  f 

the  interpretation  of  this  svel .  ■*  ,  “  *  symptom  information,  and 

.  maUunction  to  oL  ^ck  on  thTbasT'^r "  ^ 

■  is  not  generally  the  case  Usuallv  ^  °  information,  but  this 

trouble  to  a  small  group  of  blocks^'  bS  narrow  the 

readings,  or  mete?  reLiLf  I  outputs -wave  forms,  voltage 
one  block.  readmgs-are  then  used  to  isolate  the  trouble  to 

of  their'ptTximit'j":  hirvoU  """"" 

safely  or  easiircLcked  Btook?"'  "•  inaccessibility,  cannot  be 

be  Choked  by  Ihas'sStbsmutton^'^^’""^'' 

Check  Point  Location 

check^ofn?  “lemawf/lstoMilLd 

SIS  little  is  known  about  the  accessibility  of  toese  check  points  ^ 
be  assumed  that  hniu  w  '-ucse  cnecK  points.  It  can 

are  usable  on  site,  but  those  lLatod"^at  tube  Pomts  at  cable  ends 

graphs  are  availahto  ^^7  ^^^e  pins  may  not  be.  If  photo- 
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Will  have'to  be  aeScted"  Th"“"‘h  "’la  n°'  new  ones 

cm  pe  selected.  This  should  be  done  while  workinv  at  th» 

equipment.  The  general  procedure  is  to  re-ckamine  The  h  w  n 

Testing  Equipment 

:bo°uld  £:  “^-Idlfireac^i  l^k^oZuTmd 

these  outputs.  Th^sTirall::.;;'^?™  ::id7  meT“'suT;‘r 
raMtTotLtSr'oAt ‘  <='l“Fn>enta  will  be  availabfe  and 
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bu.lt-.n  testing  devices.  When  a  choice  exists  between  the  use  otrqmny 


55 


valid  multimeter  or  oscilloscope  measurements,  the  multimeter  should 
be  used,  because  it  is  usually  more  readily  portable  and  is  easier 
to  set  up. 

The  use  of  refined  but  bulky  on-site  test  equipment  requires  some 
comment.  In  general,  use  of  such  equipment  should  be  avoided  but  there 
may  be  instances  when  it  should  be  employed.  For  example,  a  block 
may  appear  to  have  a  good  output  when  measured  by  a  multimeter  or  by 
an  oscilloscope,  but  the  frequency  of  the  signal  may  be  incorrect.  If 
this  is  the  most  critical  aspect  of  the  output,  then  it  should  be  measured 
during  trouble  shooting  even  though  the  measurement  is  time-consuming 
because  of  the  testing  equipment  involved. 

Normal  Readings  at  Check  Points 

In  practice,  collecting  block -output  information  is  often  a  difficult 
process,  especially  for  a  system  that  has  not  yet  reached  the  field.  The 
system  analyst  needs  the  following  information: 

(1)  What  the  normal  reading  at  a  check  point  should  be,includ- 
ing  all  critical  aspects  of  the  reading  such  as  amplitude, 
rise  time,  and/or  duration  of  signal. 

(2)  What  the  tolerances  of  the  output  signal  should  be. 

This  information  is  collated  and  presented  in  handout  form  to  the 
student  repairman. 

During  the  blocking  portion  of  the  analysis,  the  nature  of  the  block 
output(s)  is  usually  determined  in  cursory  form.  The  schematic  dia¬ 
grams  and  theory  of  operation  should  again  be  consulted  to  see  whether 
a  refined  description  of  the  output  can  be  made.  When  these  descrip¬ 
tions  can  not  be  made  on  the  basis  of  printed  material,  as  often  happens, 
the  nature  of  the  output  must  be  determined  by  checking  the  system. 

In  the  immediately  preceding  section,  the  relation  of  testing  equip¬ 
ment  to  block  outputs  was  discussed.  It  should  again  be  emphasized 
that  test  equipment  must  be  considered  when  describing  block  outputs. 

It  is  of  no  use  to  describe  a  wave  form  as  having  a  rise  time  of 
2  microseconds  if  this  can  not  be  observed  on  the  test  equipment.  In 
reality,  we  are  dealing  here  with  the  distinction  between  theoretical 
and  obtained  measurements.  A  block  output,  particularly  a  wave  form, 
can  be  drawn  on  the  basis  of  theoretical  information.  On  sensitive 
Ord-6  or  Type -IV  equipment,  the  obtained  wave  form  might  approach 
this  theoretical  shape.  However,  with  on-site  test  equipment  the  wave 
form  may  look  quite  different,  solely  because  of  the  insensitivity  and/or 
the  settings  of  the  equipment.  Thus,  the  on-site  repairman  should  know 
how  the  block  output  will  look  with  on-site  test  equipment  and  should 
also  know  the  various  settings  his  test  equipment  should  have  in  order 
to  observe  the  proper  on-site  reading. 

The  tolerances  of  an  output  signal  are  especially  difficult  to  deter¬ 
mine.  Probably  the  manufacturer  is  the  best  source  of  this  information. 
Unfortunately,  this  information  is  usually  not  included  in  early  publi¬ 
cations  for  maintenance  of  the  system,  but  some  estimate  can  be  obtained 
from  analysis  of  schematic  diagrams. 


56 


Testing  Conditions 


the  equi^enranrf/''^°''^  certain  things  may  have  to  be  done  to 

tne  equipment  and/or  special  testing  accessories  may  be  reauired  ThP 

thTr'Tparrmln  information  can  be  passed  ‘on  to 

M-33^?enTirme''nT^'''^  instructions  given  to  FORECAST-trained 

p  poses  All  these  instructions  were  designed  to  ensure  that  the  svs 

outputs  were  oraifed  t  "th^anal“s^s^  the  normal  block 


Instructions  for  Making  Check  Point  Me 


asurements 


BLOCK  CHECK  POINTS 

When  taking  Check  Point  readings  the  toUowing  shonld  be  observed: 

1.  Set  Test  Amplifier  Gain  at  maximum. 

2.  Set  Test  Amplifier  Attenuator  as  specified  on  Check  Point  sheet. 

3.  Set  Range  Dial  at  50,000  yards. 

4.  Set  IF  Attenuator  at  15  unless  otherwise  specified. 

DC  TOltagl  measuring 

AC  voVtaJe.  measuring 

^;Sc:reLTirs?er'^^^ 

lltruZZTr 


figure  17 


TT«,  testing  equipment  must  be  used  to  check  out  a  block 

?Ms  -  terminating  resTstr 

This  should  be  determined  by  the  analyst.  ^  resistor, 

Finally  to  check  out  a  block,  tubes  and  cables  may  have  to  be 
connected.  Unsoldering  a  wire  may  even  be  required.  These  reauire 
ments  mu.st  be  determined  and  specified  by  the  analyst.  ^ 
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Block  Check  Point  Sheets 


hundreds  of  check  points  for  one  system  and  for 
each  check  point  there  may  be  a  dozen  items  of  information  which  the 
repairman  should  have  when  making  a  check  at  that  point.  Obviously, 
e  repairman  cannot  remember  all  this  information.  This  problem 
can  be  handled  by  putting  all  check  point  information  in  handout  form 
such  as  that  shown  in  Figure  18.  In  column  1  is  listed  the  page  number 
of  the  schematic  TM  in  which  the  schematic  diagram  of  the  block  being 

with  the  block(s)  to  which  Its  signal  goes  listed  below  it.  Column  3  lists 
the  tube  numbers  and  column  4  the  block  check  point,  including  the 
chassis  on  which  the  check  point  is  located.  If  the  check  point  is  at  a 
meter,  then  the  name  of  the  meter  is  listed.  Notice  that  the  required 
operational  state  of  the  system  is  noted  in  parentheses -for  example, 
ag  must  be  ON."  Column  5  contains  all  pertinent  information  regard¬ 
ing  the  expected  reading  at  the  check  point.  This  information  includes 
U)  the  normal  appearance  of  the  oscilloscope  or  voltmeter,  (2)  any 
special  setting  information  for  the  test  equipment,  and  (3)  normal  ■ 
variations^  if  any^  in  the  meter  readings. 


Section  4 


FORECAST  MOCK-UPS 


INTRODUCTION 

For  electronics  training  programs,  the  use  of  certain  equipment  is 
often  required.  In  many  cases  the  equipment  that  the  student  is  learn¬ 
ing  to  maintain  is  available  in  sufficient  quantity  so  that  most  of  his 
training  can  be  given  using  that  equipment.  When  real  equipment  is  not 
available,  when  it  is  very  costly,  or  when  there  would  be  danger  in 
allowing  novice  repairmen  to  work  on  it,  some  type  of  simulator  must 
be  devised  for  training  purposes.  In  addition,  greater  proficiency  might 
result  if  mock-ups  were  used  for  certain  portions  of  the  training,  even 
when  the  actual  equipment  is  available. 

In  the  process  of  implementing  the  concepts  embodied  in  the 
FORECAST  method  of  systems  analysis,  two  types  of  mock-ups  were 
designed  and  constructed.  The  “operating  mock-up”  was  designed  to 
teach  operating  and  energizing  procedures,  and  the  “maintenance  mock- 
up”  was  designed  to  teach  the  trouble  shooting  procedures  applicable  to 
the  particular  system  being  studied. 

In  this  section  the  design  of  the  FORECAST  mock-ups  is  described, 
and  the  rationale  underlying  the  design  is  discussed.  Evidence  regard¬ 
ing  the  efficacy  of  the  training  mock-ups  of  the  M-33  IFC  system  is 
presented.  Difficulties  likely  to  be  encountered  while  constructing  a 
mock-up  are  discussed,  along  with  considerations  regarding  degree  of 
system  simulation,  information  required  for  mock-up  construction,  the 
obtaining  of  information  for  mock-up  construction,  and  the  desirability 
of  advance  planning  for  the  early  production  of  mock-ups  of  equipment. 
The  section  ends  with  a  summary  of  the  activities  that  must  be  under¬ 
taken  to  design  and  construct  a  maintenance  training  mock-up  based  on 
FORECAST  principles. 

FORECAST  OPERATING  AND  ENERGIZING  MOCK-UPS 

Description 


One  of  the  earliest  uses  of  the  FORECAST  concepts  was  in  the 
construction  of  a  mock-up  for  simulating  the  operation  of  the  M-33  IFC 
system.  This  mock-up  simulated  the  operating  controls  of  the  Acquisi^ 
tion  and  Tracking  Radars,  and  the  power  panel  to  energize  them.  Since 
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the  research  was  directed  toward  problems  in  electronics  maintenance 
trainings  it  was  necessary  that  repairmen  be  adept  at  operating  and 
energizing  the  system.  The  techniques  of  cue -response  analysis  were 
applied  to  the  energizing  and  operating  routines  of  the  M-33.  The  results 
of  this  analysis  were  used  to  design  the  mock-ups. 

The  M-33  energizing  moc'k-up  consisted  of  two  desk -top  consoles 
(see  Figure  19,  at  right),  with  a  patch  panel  at  the  back.  The  consoles 
contained  switches,  meters,  lights  and  other  controls  arranged  spatially 
to  correspond  to  the  M-33  energizing  panel.  The  patch  panel  was  used 
by  the  instructor  to  connect  the  controls  on  the  consoles  to  the  mock-up 
power  supply.  By  operating  controls  on  the  console,  a  student  could 
evoke  simulated  system  responses  from  the  mock-up  and  in  this  way 
could  learn  the  energizing  routine. 

The  operating  portion  of  the  mock-up  consisted  of  large  sheets  of 
plywood  mounted  with  switches,  lamps,  and  dials,  all  oriented  properly 
to  simulate  the  tracking  control  console  and  the  tactical  control  console 
(see  Figure  19,  at  left;  only  the  tracking  control  console  is  shown).  The 
switches  were  electrically  interconnected  so  that  actions  at  one  place 
would  result  in  responses  at  another  place.  The  M-33  A-scopes  and 
PPI  scope  were  simulated  by  holes  cut  in  the  plywood.  A  transparent 
plastic  plate  covered  the  holes,  and  cards  marked  appropriately  to  simu¬ 
late  the  actual  displays  were  placed  behind  the  holes.  In  this  way  the 
students  saw  through  the  holes  a  representation  of  the  scope  faces. 
The  cards  could  be  interchanged  by  the  instructor.  By  using  these 
scopes  and  by  operating  the  controls  on  the  operating  and  energizing 
mock-ups,  it  was  possible  for  the  student  to  run  through  the  entire 
battery-engagement  routine. 

Mock-Up  Effectiveness 


To  test  the  effectiveness  of  the  operating  and  energizing  mock-ups, 
they  were  used  to  train  a  group  of  high  school  students  in  the  M-33  ener¬ 
gizing  and  operating  routines.  These  students  were  then  taken  to  an 
actual  M-33  site  and  permitted  to  energize  and  operate  live  equipment. 
They  were  able  to  do  so  to  the  extent  that  they  actually  tracked  targets 
after  only  a  very  short  period  of  live-equipment  practice. 

The  mock-ups  were  not  used  to  train  students  in  the  procedures  for 
circumventing  enemy  electronic  countermeasures,  in  the  daily  mainte¬ 
nance  tasks,  or  in  judgmental  skills  like  setting  gain  and  intensity  at 
proper  levels. 

Mock-ups  are  used  to  teach  some  of  the  over-all  task.  If  this  can 
be  done  before  going  to  the  equipment,  then  equipment  time  can  be  more 
effectively  used.  It  is  a  matter  of  division  of  labor.  Thus,  the  following 
can  be  learned  on  the  type  of  operating  mock-up  just  described: 

(1)  Order  of  carrying  out  certain  operations. 

(2)  Location  of  controls. 

(3)  Purpose  of  controls. 

(4)  Role  of  each  operator  in  the  operating  team. 
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FORECAST  MAINTENANCE  MOCK-UP 


Description 


In  addition  to  knowing  how  to  energize  and  operate  the  equipment 
he  is  to  maintain,  a  maintenance  man  must  know  how  to  interpret 
symptom  and  check  point  information  to  isolate  a  fault  to  a  small  group 
of  parts.  The  FORECAST  operating  and  maintenance  mock-ups  can  be 
used  to  teach  the  operating  procedures  used  for  gathering  symptom  infor¬ 
mation  (see  Figure  20,  depicting  the  FORECAST  classroom).  To  teach 
the  repairman  how  to  use  this  information,  a  maintenance  mock-up 
was  developed. 

The  trouble  shooting  block  diagram,  one  of  the  end  products  of  the 
FORECAST  method  of  analysis,  was  described  in  Section  1.  In  the  M-33 
studies,  the  tracking  subsystem,  for  example,  was  analyzed  into  approxi¬ 
mately  100  blocks.  These  trouble  shooting  blocks  had  one  common 
characteristic —if  all  signals  entering  the  block  were  good  and  any  signal 
leaving  the  block  was  bad,  then  the  trouble  lay  in  that  block.  The  main¬ 
tenance  mock-up  was  designed  to  simulate  this  block  characteristic 
(see  Figure  2l) . 

This  mock-up  could  be  considered  an  activated,  three-dimensional 
block  diagram  since  it  consisted  of  a  series  of  boxes,  each  of  which 
represented  one  of  the  blocks  shown  on  the  FORECAST  trouble  shooting 
block  diagram  (see  Figure  B-1  in  Appendix  B).  Each  of  the  boxes  was 
labeled  with  the  name  of  the  block  it  represented,  and  two  test  points 
were  mounted  on  the  box.  One  of  these  test  points  was  used  if  the  signal 
to  be  measured  at  that  block  was  a  wave  form;  the  other  test  point  was 
used  if  the  block  output  was  a  voltage.  All  boxes  were  connected  to  a 
control  panel(Figure  22).  By  manipulating  a  switch  on  the  controlpanel 
corresponding  to  each  box,  an  instructor  could  make  it  appear  as  if 
malfunctions  were  in  the  box  (actually,  the  box  contained  only  a  relay,  a 
switch,  and  a  few  wires).  That  is,  the  instructor  could  make  a  good  or 
a  bad  wave  form  or  voltage  appear  at  the  box  check  point,  for  each  box 
of  the  mock-up. 

To  simulate  malfunctions  realistically  on  the  mock-up,  the  system 
analyst  must  determine  for  each  malfunctioning  block  what  other  blocks 
should  have  incorrect  outputs.  That  is,  when  a  malfunction  occurs  in 
live  equipment  it  may  affect  the  output  of  many  subsequent  stages.  Thus, 
when  the  fault  is  located  in  a  particular  trouble  shooting  block,  certain 
other  blocks  will  also  have  bad  outputs.  This  pattern  of  incorrect  out¬ 
puts  can  be  determined  by  analysis  of  schematic  and  block  diagrams, 
or  malfunctions  can  be  introduced  into  live  equipment  and  the  outputs 
of  blocks  in  the  same  and/or  associated  channels  checked  for  correct¬ 
ness.  When  the  resulting  information  is  collated,  a  set  of  mock-up 
malfunctions  can  be  derived  that  lists,  for  a  malfunction  in  a  particular 
block,  the  other  blocks  whose  output  should  also  be  made  incorrect  by 
the  instructor. 

Five  devices  called  “wave  formers”  simulated  the  test  oscilloscope 
of  the  M-33  and  displayed  wave  forms  corresponding  to  each  check  point. 
The  wave  formers  were  simply  boxes  containing  a  set  of  plexiglas  plates 
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Figuro  20 
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that  were  etched  with  appropriate  wave  forms.  When  a  test  point  was 
touched,  lights  would  illuminate  a  corresponding  plexiglas  plate.  The 
etched  wave  form  on  the  plate  would  become  visible  through  the  viewing 
port.  Each  trouble  shooting  block  had  two  plexiglas  plates  associated 
with  it,  one  inscribed  with  a  good  wave  form,  the  other  inscribed  with 
a  bad  wave  form.  Each  wave  former  contained  20  plates— ten  good,  ten 
bad.  This  simple  mechanical  arrangement  was  an  economical  and 
effective  means  for  displaying  wave  forms. 

Description  of  Voltage  Simulation 

Some  mock-up  check  points  were  designated  as  voltage  checkpoints. 
A  voltmeter  was  used  to  measure  the  voltage  appearing  at  these  points 
in  the  real  system.  In  the  mock-up,  two  potentiometers  were  connected 
to  each  voltage  check  point  through  the  contacts  of  a  relay.  When  the 
relay  was  inert,  one  potentiometer  was  connected  to  the  check  point. 
When  the  relay  was  activated,  the  other  potentiometer  was  connected. 
One  potentiometer  was  adjusted  for  a  check  point  voltage  proportional 
to  the  actual  value  measured  on  real  equipment.  The  other  was  adjusted 
to  a  plausibly  incorrect  voltage  resulting  from  a  malfunction.  To  simu¬ 
late  the  malfunction,  the  relay  was  activated  (by  flipping  a  switch  on  the 
control  console)  and  the  bad  voltage  applied  to  the  cneck  point.  Other¬ 
wise  the  relay  was  inert. 

The  maximum  voltage  available  at  the  test  point  was  12  volts  DC. 

To  produce  readings  of  50  volts,  for  example,  it  was  possible  to  use  a 
15-volt  instrument  range,  redesignated  as  150  volts.  The  potentiometer 
would  be  adjusted  to  produce  a  50 -volt  reading  on  the  150 -volt  scale, 
even  though  the  15-volt  range  was  actually  used.  In  this  way,  the  student 
used  the  correct  scale  and  what  he  believed  to  be  the  correct  range  in 
making  his  checks  for  any  particular  voltage  check  point. 

More  complicated  techniques  could  have  been  used  for  generating 
wave  forms.  Oscilloscopic  photoformers  are  available  for  wave  form 
simulation.  While  there  is  no  question  that  such  photoformers  could 
have  been  employed,  there  is  doubt  that  the  possible  increase  in  train¬ 
ing  value  would  justify  the  additional  expense  associated  with  their  use. 
Photoformers  probably  are  required  for  certain  types  of  training.  For 
example,  if  the  problem  is  to  train  men  to  associate  various  features  of 
bad  wave  forms  with  the  parts  which  effect  those  particular  features, 
then  photoformers  should  be  used.  This  is  because  the  training  problem 
in  such  a  situation  involves  learning  to  make  fine  discriminations.  In 
the  FORECAST  type  of  analysis,  the  repairman  interprets  wave  forms 
in  terms  of  good  or  bad  blocks.  This  is  a  grosser  type  of  discrimination, 
and  learning  to  do  this  does  not  require  high-fidelity  simulation. 

Mock-Up  Effectiveness:  The  Mock-Up  Study 


During  the  summer  of  1959,  a  series  of  pilot  studies  was  under¬ 
taken  at  the  Aberdeen  Proving  Ground  under  the  sponsorship  of  the 
Ordnance  Training  Command.  Among  these  studies  was  one  designed 
to  test  the  effectiveness  of  the  maintenance  mock-up  as  a  training 
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device.  The  results  and  the  design  of  this  study  are  discussed  in  the 

Research  Memorandum,  "IncreasingElectronics  Maintenance  Proficiency 
Through  Cue-Response  Analysis.-’^  Essentially,  students  trained  pri¬ 
marily  on  the  FORECAST  M-33  Maintenance  Mock-up  were  tested  for 
their  trouble  shooting  proficiency  on  real  equipment.  The  results  of 
that  study  were  compared  with  results  obtained  from  a  similar  group 
rained  wholly  on  real  equipment.  The  comparison  showed  that  students 
tramed  with  the  mock-up  performed  significantly  better  than  students 
trained  on  equipment  alone. 

There  is  some  reason  to  believe  that  the  higher  trouble  shooting 
proficiency  in  the  mock-up  group  was  due  largely  to  the  increased 
amount  of  trouble  shooting  experience  that  a  student  can  obtain  if  the 
training  includes  using  a  mock-up.  Students  trained  with  a  mock-up 
did  not  have  to  spend  time  opening  up  equipment,  operating  interlock 
switches,  setting  up  and  adjusting  test  equipment,  pulling  out  chassis, 
and  a  dozen  or  so  other  simple,  yet  time-consuming  activities  intimately 
related  with  trouble  shooting  real  equipment.  Therefore,  students  trouble 
shooting  the  mock-up  were  able  to  spend  more  time  making  the  decisions 
and  interpretations  that  form  the  basis  of  the  trouble  shooting  activity. 

Probably  the  most  difficult  task  of  the  trouble  shooter  is  the  inter¬ 
pretation  of  symptom  and  check  point  information.  Training  on  the 
maintenance  mock-up  emphasized  this  activity  and  stressed  the  best 
procedures  for  obtaining  this  information.  Thus,  by  using  a  mock-up 
students  can  receive  more  experience  at  interpreting  cues  in  terms  of 
where  in  the  system  the  trouble  might  be. 

It  should  be  clear  that  using  a  mock-up  is  not  advocated  for  all 
segments  of  the  trouble  shooter's  training.  The  real  equipment  is  the 
est  place  for  teaching  certain  of  the  required  procedural  and  manip¬ 
ulative  skills  (as  well  as  for  learning  fine  discriminations).  However, 
he  learning  of  these  skills  seems  to  interfere  with  the  learning  of  the 
cognitive  aspects  of  trouble  shooting,  and  therefore  it  is  advocated  that 
the  cognitive  aspects  be  taught  on  a  mock-up. 


Degree  of  Simulation 


The  term  “degree  of  simulation”  is  used  to  indicate  how  closely  the 
mock-up  resembles  the  real  equipment.  Naturally,  it  is  possible  to  use 
the  real  equipment  itself  in  training,  and  for  some  purposes  this  may  be 
the  only  feasible  solution.  While  this  could  be  called  perfect  simulation, 
it  has  been  observed  that  perfect  simulation  is  not  necessarily  a  desir¬ 
able  end.  As  was  learned  in  the  M-33  Mock-up  pilot  study,  the  system 
itself  is  not  a  particularly  good  training  vehicle  during  the  early  stages 
of  training.  How  closely,  then,  should  a  mock-up  resemble  the  real 
equipment?  This  depends  upon  the  training  objectives  to  be  met  and  the 
risk  involved  in  allowing  an  incompletely  trained  man  to  complete  his 
training  on  real  equipment. 


P  Electronics  Maintenance 

troficiency  Through  Cue-Response  Analysis,  Training  Methods  Division,  HumRRO,  October  1959. 
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With  respect  to  the  design  of  trouble-shooting  mock-ups  incorporat¬ 
ing  the  principles  of  the  FORECAST  method  of  system  analysis,  there 
are  several  criteria  for  determining  the  proper  degree  of  simulation, 
inese  are: 

(1)  Physical  location  face  validity 

(2)  Activated  check  points 

(3)  Check  point  data  validity 

(4)  Symptom  validity 

Physical  Location  Face  Validity.  One  of  the  knowledges  which  must 
be  learned  by  any  repairman  is  the  location  of  parts  within  the  system 
he  IS  to  repair.  In  the  M-33  studies,  there  were  actual  M-33  systems 
available  for  teaching  students  where  to  find  various  malfunctioning 
chassis;  the  mock-up  was  not  designed  to  teach  location.  When  there 
IS  a  training  objective  of  teaching  location,  and  real  equipment  is  not 
available,  physical  location  face  validity  that  is  at  least  “skin-deep" 
must  be  built  into  the  mock-up.  That  is,  the  relative  spatial  position  of 
scopes  and  other  check  points  and  symptom  indicators  on  the  mock-up 
should  be  similar  to  their  positions  on  the  real  equipment. 

In  this  connection,  the  scale  of  the  mock-up  deserves  some 
coniment.  The  actual  equipment  itself  may  very  likely  determine  what 
scale  the  mock-up  should  have.  It  is  conceivable  that  1:1  may  be  unde¬ 
sirable  not  only  from  a  training  standpoint,  but  also  from  a  support 
standpoint.  That  is,  a  system  may  be  so  large  that  it  would  be  difficult 
to  house  a  full-scale  mock-up  of  it;  in  such  a  case,  the  relative  size  of 
he  mock-up  could  be  reduced  without  much  loss  in  training  effectiveness. 
Un  the  other  hand,  a  system  may  be  so  small  that  it  would  be  difficult 
to  work  on  a  life-sized  mock-up,  and  enlarging  the  scale  of  the  mock-up 
might  therefore  be  justified. 

Activated  Check  Points.  The  FORECAST  method  of  system  analysis 
IS  used  to  create  trouble  shooting  blocks  for  which  there  is  at  least  one 
check  point  per  block.  It  is  necessary  also  to  determine  what  informa¬ 
tion  normally  appears  at  each  of  these  check  points-a  voltage,  a  wave 
form,  or  a  meter  reading.  This  information  is  obtained  by  consulting 
system  experts  orthe  equipment  itself.  These  data  are  then  tabulated  in 
the  form  of  check  point  sheets,  and  are  made  available  to  the  repairman 
and  to  the  student  (see  Figure  18).  During  his  training  the  student  uses 
these  check  point  sheets  while  trouble  shooting  the  mock-up.  For  any 
particular  problem,  he  makes  measurements  at  selected  mock-up  check 
points  and  compares  the  obtained  information  with  that  listed  on  his 
check  point  sheet.  To  accomplish  this  training,  it  is  necessary  that  the 
mock-up  check  points  be  activated  so  that  either  a  good  or  a  bad  signal 
can  be  made  to  appear  at  any  particular  check  point. 

Check  Point  Data  Validity.  The  validity  of  the  check  point  data  is  a 
matter  of  some  concern.  With  little  or  no.  thought  one  might  be  tempted 
to  demand  that  the  check  point  data  be  100  p.er  cent  ,accurate-that  errors 
in  check  point  data  will  be  intolerable.  But  what  meaning  has  such  a 
demand?  Any  measurement  a  repairman  makes  is  subject  to  many 
sources  of  error:  reading  error  and  instrument  error,  to  mention  two. 
Even  if  it  were  possible  to  measure  the  exact  values  appearing  at  check 
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pointSj  of  what  use  would  they  be^  since  it  is  well  known  that  these  values 
will  be  different  across  several  systems  and  will  fluctuate  within  certain 
allowable  limits  even  within  a  particular  system?  It  is  economically 
unfeasible  to  make  the  same  measurement  a  great  many  times  in  order 
to  obtain  average  values  for  the  check  point  data  by  statistical  means. 
Since  that  is  true^how  much  less  economical  is  it  to  perform  these  same 
measurements  on  every  system  to  be  produced?  Clearly,  the  proposal 
is  fantastic. 

One  cannot  speak  of  accuracy  without  speaking  at  the  same  time 
of  limits.  The  limits,  in  turn,  must  be  consistent  with  the  training 
objectives.  It  is  a  fact  that  students,  at  any  given  stage  of  their  training, 
are  capable  of  making  discriminations  with  only  a  limited  degree  of 
accuracy.  They  cannot  make  finer  discriminations,  even  though  the 
physical  basis  for  finer  discriminations  is  present. 

The  training  objectives  of  the  FORECAST-type  mock-up  are 
therefore  to  present  the  critical  aspects  of  normal  live  equipment  outputs 
as  check  point  data.  Fine  discriminations  are  not  generally  needed  for 
recognition  of  the  presence  or  absence  of  these  aspects.  For  example, 
assume  that  at  a  given  check  point  the  wave  form  is  supposed  to  be  a 
pulse.  The  critical  aspect  of  this  pulse  is  the  interval  of  time  between 
the  system  trigger  and  the  instant  when  the  pulse  reaches  a  certain 
height.  It  is  quite  possible  that  the  top  of  the  pulse  or  the  trailing  edge 
of  the  pulse  will  have  no  effect  whatsoever  upon  the  system;  therefore, 
whether  the  pulse  is  ideal  or  only  appz’oaches  ideal  is  really  incidental. 

In  fact,  the  trailing  edge  of  the  pulse  may  even  decay  in  oscillations. 

So  long  as  the  pulse  occurs  at  the  proper  time,  it  is  a  good  signal.  This 
check  point  wave  form  could  be  obtained  from  real  equipment  or  from 
system  experts.  In  this  case  it  is  conceivable  that,  from  system  to  sys¬ 
tem,  the  wave  form  would  differ  quite  markedly.  Yet  in  every  system 
which  is  operating  correctly  these  wave  forms  would  be  good,  since  the 
critical  aspect  of  the  wave  form  is  the  time  interval. 

Still  another  example  would  be  the  wave  form  that  consists  of 
a  definite  number  of  oscillations.  It  may  be  51  cycles  of  a  sine  wave. 

The  harmonic  content  (within  lirriits)  of  the  sine  wave  may  be  only  inci¬ 
dental,  since  the  sine  wave  will  be  clipped,  differentiated,  and  turned 
into  51  pips.  All  that  is  really  necessary  is  that  there  be  51  oscillations 
looking  somewhat  like  sine  waves.  The  critical  aspect  of  this  waveform 
is  the  number  of  oscillations  in  the  given  length  of  time. 

Symptom  Validity.  Symptoms  are  the  external  indications  of  a 
malfunction  somewhere  in  the  system.  When  a  part  goes  bad  in  a  real 
system,  it  produces  certain  changes  in  the  behavior  of  the  system  that 
can  be  recognized  as  indicating  an  out-of-tolerance  condition.  When 
this  happens,  the  repairman  energizes  the  equipment,  makes  various 
measurements,  and  operates  certain  controls  to  detect  the  deviation 
from'  what  he  knows  to  be  correct  operation.  The  routines  which  the 
repairman  runs  through  in  this  process  are  called  “symptom  gathering” 
or  operational  checkout.”  On  the  basis  of  his  symptom-gathering  pro¬ 
cedures  he  forms  a  preliminary  hyppthesis,  and  on  this  basis  he  performs 
additional  checks  designed  to  test  his  hypothesis. 
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The  trouble  shooting  mock-up  must  be  congruent  with  the  real 
system  with  respect  to  symptoms.  While  it  seems  desirable^  it  is  by  no 
means  necessary  that  the  mock-up  display  symptoms  in  the  same  way 
that  the  real  equipment  displays  them.  A  compromise  can  be  struck 
between  fully  automatic  symptom  display  and  no  symptom  display  at  all. 
Clearly^  symptoms  must  be  displayed.  The  question  is  how  to  do  it. 

One  way  is  to  permit  an  instructor  to  "talk”  the  student  through 
the  symptom -gathering  stage.  This  technique  has  several  advantages  to 
recommend  it.  A  skillful  and  knowledgeable  instructor  can  guide  the 
student  so  that  he  will  learn  to  ask  the  right  questions.  In  other  words^ 
the  student  will  learn  an  efficient  symptom-gathering  procedure.  Con¬ 
trast  this  result  with  what  happens  if  the  student  were  simply  abandoned 
to  develop  his  own  symptom-gathering  procedures,  whether  on  a  "fully 
automatic  symptom  display  mock-up”  or  on  a  real  system.  Even  taking 
into  account  the  highly  motivating  character  of  a  trouble  shooting 
mock-up,  it  is  quite  likely  that  the  average  student  would  soon  become 
discouraged  by  his  failure  to  malte  any  quick  progress  without  instruction. 

Obviously,  the  solution  is  not  clear-cut.  The  mock-up  can  be 
used  to  present  certain  displays  and  the  instructor  can  present  others. 
Determining  the  relative  proportion  of  each  type  of  presentation  will 
depend  upon  many  factors,  not  the  least  of  which  is  cost.  From  the 
standpoint  of  embodying  the  FORECAST  principles  into  the  design  of 
the  mock-up,  it  is  relatively  unimportant  how  much  of  the  symptom 
information  is  automated  and  how  much  is  manually  presented.  What  is 
important,  however,  is  that  the  symptom  information  must  reflect  real 
system  behavior  adequately  for  training  purposes.  Thus,  when  the  stu¬ 
dent  repairman  runs  through  the  symptom-gathering  procedures,  or  the 
operational  checkout,  he  should  obtain  realistic  representations  of  the 
condition  of  external  indicators.  By  gathering  bona  fide  symptom 
information  on  the  mock-up,  the  student  becomes  familiar  with  the 
nature  of  typical  symptom  patterns. 

It  is  essential  that  accurate  symptom  information  be  obtained. 
When  the  pip-gate  generator  goes  bad  in  an  operating  M-33,  it  causes 
other  parts  in  the  system  to  have  bad  outputs  too.  It  is  not  enough, 
therefore,  simply  to  make  the  output  of  the  pip-gate  generator  bad  on  the 
mock-up.  All  blocks  that  would  be  affected  by  a  bad  pip-gate  generator 
in  a  real  system  must  also  be  affected  in  the  mock-up.  This  one-to-one 
correspondence  between  the  real  system  and  the  mock-up  with  respect  to 
trouble  shooting  malfunctions  is  of  primary  importance.  When  a  block 
goes  bad  in  the  real  system,  detailed  observations  of  the  system  must 
be  made  to  gather  all  relevant  symptoms.  These  are  the  symptoms  that 
should  be  presented  during  mock-up  training,  so  that  the  student  can 
learn  to  interpret  symptoms  in  terms  of  blocks  which  may  contain  atrouble. 

MOCK-UP  DESIGN  AND  CONSTRUCTION:  OBTAINING  INFORMATION 

Objectives 


The  objectives  of  F'ORECAST  research  visualize  a  situation  in 
which  a  training  program  can  be  developed,  mock-ups  built  and  used. 
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students  trained  and  graduated,  and  repairmen  assigned  to  the  field  by 
the  time  the  first  systems  become  available  for  use  in  the  field.  It  is 
possible  to  achieve  this  goal  only  if  access  to  adequate  information  is 
a  possibility. 

When  a  system  becomes  available  to  the  field,  usually  all  the  infor¬ 
mation  necessary  for  constructing  a  training  program  based  on  the 
FORECAST  principles  has  become  available  and  is  relatively  easily 
accessible.  Unfortunately,  this  is  far  too  late  in  the  life  span  of  the 
system  to  be  satisfactory.  Obviously,  the  requisite  information  must  be 
obtained  much  earlier. 

Nature  of  the  Information 


One  characteristic  of  the  development  of  new  weapon  systems  seems 
to  be  that  they  are  usually  more  sophisticated  versions  of  earlier  weapon 
systems.  The  Nike  Ajax,  for  example,  could  be  considered  a  more 
sophisticated  M-33;  the  Nike  Hercules,  a  more  sophisticated  Nike  Ajax. 
Even  before  the  first  production  model  of  a  new  systemleaves  the  assem¬ 
bly  line,  the  second  generation  is  already  on  the  drawing  boards  or  in 
the  prototype  stage,  and  the  third  or  fourth  generation  of  this  same 
system  is  being  conceived.  After  a  certain  date,  the  design  is  frozen 
and  any  further  modifications  are  made  on  second-generation  designs. 
Unless  this  is  done,  there  would  be  little  chance  of  getting  a  large  num¬ 
ber  of  similarly  designed  systems  into  the  field. 

At  the  design  freeze  date,  information  of  use  to  analysts  in  construct¬ 
ing  the  training  course,  including  the  mock-up,  is  available.  It  may  be 
that  some  aspects  of  the  new  weapon  system  are  identical  with  some 
aspects  of  the  old  weapon  system.  Other  aspects  of  the  new  weapon 
system  will  be  somewhat  like  those  of  the  old  system,  whereas  still 
others  will  be  totally  different.  It  should  be  possible,  of  course,  to 
obtain,  before  the  design  freeze  date,  information  relating  to  those  parts 
of  the  system  that  remain  the  same.  To  be  sure,  some  circuits  will  be 
changed  even  after  the  freeze  date,  and  will  appear  as  modifications  to 
the  produced  systems.  Mostly,  however,  the  design  of  the  system  will 
be  fixed  at  a  certain  time. 

Before  the  freeze  date,  the  theory  of  operation  of  the  system,  pre¬ 
liminary  schematic  circuit  diagrams,  and  relatively  gross  descriptions 
of  the  physical  configurations  of  the  system  become  available.  The  theory 
of  operation  (not  including  a  detailed  description  of  the  operation  of  each 
stage  within  the  system)  and  schematic  circuit  diagrams  constitute  the 
bare  minimum  of  sources  of  information  with  which  to  begin  the  analysis 
of  the  system  using  the  FORECAST  techniques.  While  these  sources 
are  not  sufficiently  complete  in  themselves,  they  provide  enough  infor¬ 
mation  for  making  a  first  approximation.  Using  the  sources,  analysts 
can  make  a  preliminary  analysis  of  the  system.  Relatively  quickly, 
however,  questions  will  be  raised  for  which  the  answers  will  not  be  avail¬ 
able.  Direct  contact  with  knowledgeable  engineering  representatives  of 
the  manufacturer  can  expedite  obtaining  the  required  answers. 

While  the  preliminary  analysis  of  the  system  is  being  made,  plans 
for  the  mock-up  can  be  initiated  by  examining  the  available  information 
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sources.  As  time  proceeds,  additional  information  is  required  both  for 
the  analysis  and  for  mock-up  construction. 

The  analysis  of  the  system  will  result  in  a  tx-ouble  shooting  block 
diagram.  Every  trouble  shooting  block  will  have  one  or  more  output 
checkpoints.  Every  check  point  thus  identified  will  have  associated 
with  it  the  analyst’s  best  estimate  of  the  correct  measurement  at  that 
point,  with  appropriate  tolerances.  Every  trouble  shooting  block  must 
be  associated  with  the  symptoms  that  would  be  produced  if  any  of  the 
parts  within  the  block  were  to  malfunction.  The  best  estimates  of  these 
symptoms  will  be  tabulated  and  will  form  the  basis  of  the  symptom 
lesson  plans.  From  this  preliminary  analysis  of  the  system,  the  number 
of  trouble  shooting  blocks,  the  type  of  check  point  data,  and  the  symptom 
patterns  can  be  extracted  for  use  in  planning  the  capacity  and  flexibility 
of  the  mock-up. 

At  about  this  stage  in  the  development  of  the  training  program, 
another  level  of  information  must  be  made  available  to  the  effort.  This 
level  of  information  includes  revised,  improved,  or  corrected  theory  of 
operation,  the  latest  schematic  circuit  diagrams,  and  such  additional 
information  as  may  be  available  regarding  the  physical  configuration  of 
the  equipment.  As  a  result  of  this  new  information,  revisions  are  made 
of  the  block  diagram,  check  point  locations  and  indicators,  and 
symptom  information. 

To  this  point  the  analysis  has  proceeded  primarily  on  the  basis  of 
information  obtained  from  printed  material.  Ultimately,  access  to  live 
prototype  equipment  will  be  necessary  to  ascertain  the  accessibility  of 
checkpoints  and  the  validity  of  the  predicted  check  point  data,  symptoms, 
and  mechanical  configuration. 

Sources  of  Information 


The  manufacturer  of  the  system  is  a  prime  source  of  information. 

He  may,  in  turn,  have  other  manufacturers  under  subcontract,  and  they 
will  also  be  sources  of  information.  Various  organizations  within  the 
military  service  will  possess  information.  These  organizations,  moni¬ 
toring  the  contracts  under  which  the  weapon  system  is  being  developed, 
will  have  the  authority  to  arrange  for  the  information  to  be  made  avail¬ 
able  to  the  system  analyzer  at  the  right  time. 

Key  Personnel  Course.  One  of  the  routine  techniques  for  trans¬ 
mission  of  information  on  new  weapon  systems  from  the  manufacturer 
to  the  user  is  the  key  personnel  course  (KPC).  Even  though  parts  of  a 
system  may  still  be  in  the  prototype  or  in  the  development  stage,  key 
personnel  courses  are  conducted  to  provide  selected  personnel  with 
information  on  the  new  system.  The  key  personnel  course  conducted  by 
the  manufacturer  of  the  system  is  often  used  as  the  basis  for  the  Army’s 
training  course,  since  Army  curriculum  experts  are  frequently  graduates 
of  such  key  personnel  courses.  Since  the  KPC  trains  curriculum  experts 
and  becomes  the  basis  of  the  Army’s  program  of  instruction,  the  result¬ 
ant  Army  program  is  very  largely  structured  by  the  manufacturer.  As 
the  manufacturer  is  necessarily  oriented  in  terms  of  system  engineering, 
the  key  personnel  course  also  tends  to  be  so  oriented.  As  a  result,  the 
Army’s  final  training  course  tends  to  be  engineering  oriented. 
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ohtmned  long  befone  the  electronic- details  become  f^ZsZe  dtoen- 
sions  can  be  obtained  from  a  study  of  manuals  available  through  the 
Z  ’  !  handbooks.  For  particular  consoles  or  chfssis 

mock”*"'^  drawings  are  tar  too  detailed  tor  the  purposes  of 

iiteT^sy  zLzzzTdr:igs\rsr.hZ"ughr 

-  U  !?.!.  T  ^‘•°*°*!°‘  Enuinment  Questions  arise  in  the  cen¬ 
to  real  1  '''  enswered  adequately  only  by  access 

to  real  equipment.  For  example,  although  the  real  equipment  mL  hZ 
a  chassis  mounted  in  a  console  so  that  it  will  swing  on  ! hl^eTl  j 
access  to  some  internal  parts,  the  mock-up  need  n?t  have  a  sw  ngfr 

located  s'o"  ft? ?hf  ‘  h  “a  “  “"assis  are 

Tf  V,  ?  ^  ^  checked  without  swinging  open  the  chassis 

the  photograph  of  the  chassis  in  the  KPC  manual  shows  it  opened  or 
swung  out  this  does  not  provide  enough  information  to  answer  the  ques 
tion;  another  photograph  would  be  needed  of  the  closed  chassis 

chassis  anTthP^^'’^?^  photograph  will  show  only  the  top  side  of  a 
chassis,  and  the  question  is  whether  certain  check  points  will  be  avail- 

Furthe''°'"^  chassis,  of  which  there  is  no  photograph 

+hp  ?  chassis  are  totally  enclosed.  Whatever  photographs  o^f  ’ 

he  equipment  may  be  available  at  any  particular  time,  they  are  certaL 

pictures,  and  it  has  been  observed  that  the  pictures  actually  provided 

u™;  'i'.lfafzr*-  cqufpZrfs 

type  There  arp  n  answering  questions  of  the  above 

access  to  !•  become  clear,  additional  reasons  for  acquiring 

access  to  operating  equipment.  ^  ® 

IJ^energized  vs.  Live  Equipment.  There  are  four  types  of  infor- 
ation  that  must  be  considered  when  constructing  a  FORECAST-type 
mock-up.  These  are  (l)  yardstick  dimensions,  wh^h 

and  The  T:  T  of  all  external  co^roT, 

and  the  location,  dimensions,  and  form  of  mounting  for  all  chassiT 

ill  location  and  accessibility,  which  includes  the  location  of 

ch  I  T  determination  that  these  points  are  accessible- 

ioririT  ^hich  involve  the  determination  of  what  the 

normal  indications  at  each  check  point  should  be;  (4)  symptom  informa- 

which  mvolves  the  determination  of  what  sympto'^^s  will  appear  on 
external  indicators  as  each  trouble  shooting  block  is  made  to  malfunction. 

^be  above  information  must  eventually  be  checked  on  the  ■ 
a?  analyzed.  The  first  two  types  of  information,  yardstick 

dimensions  and  check  point  location  and  accessibility,  can  be  checked 
on  unenergized  equipment.  Arrangements  could  be  made  to  obtaT  tMs 
n  ormation  during  the  R&D  evaluation  of  the  equipment,  as  working 
with  an  unenergized  system  would  not  be  apt  to  cause  malfunctions. 

yardstick  T  ?""  mock-up  as  soon  as  possible, 

yardstick,  location,  and  accessibility  data  should  be  obtained  Is  soon  as 
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a  prototype  exists.  Yardstick  dimensions  and  check  point  location  data 
are  obviously  required  if  the  mock-up  is  to  resemble  the  equipment; 
check  point  accessibility  data  is  needed  to  assure  that  practical  check 
points  are  selected.  System  analysts  often  discover^  for  example^  that 
they  cannot  make  a  check  where  they  thought  they  could  because  some 
part  makes  it  mechanically  impossible  to  place  a  test  probe  on  the  check 
point  in  question.  Accessibility  of  check  points  can  only  be  determined 
by  examining  hardware;  the  study  of  schematic  circuit  diagrams  cannot 
provide  this  information. 

During  analysis,  system  experts  make  guesses  with  respect  to 
the  normal  indications  which  should  appear  at  each  check  point  and  the 
s,ymptoms  which  should  appear  with  incorrect  output(s)  of  trouble  shoot¬ 
ing  blocks.  They  predict  also  what  type  of  test  equipment  is  most 
appropriate  for  making  checks  at  any  particular  point.  These  guesses 
must  be  validated  on  live  equipment. 

The  validating  of  check  point  and  Symptom  information  can  be 
particularly  troublesome.  Sometimes  the  system  analysts  cannot  deduce 
what  the  check  point  for  symptom  information  should  be.  In  such  cases 
the  determination  must  be  made  wholly  on  live  equipment.  With  respect 
to  check  point  information,  the  critical  aspects  and  tolerance  limits  for 
a  particular  measurement  can  be  determined  by  systematically  changing 
the  value  of  the  adjustments  and/or  some  of  the  parts  within  the  block 
being  checked.  This  is  a  time-consuming  process,  and  an  attempt  should 
first  be  made  to  determine  whether  design  engineers  can  furnish  the 
required  information. 

There  are  at  least  three  ways  in  which  symptom  information 
can  be  validated.  The  output(s)  of  each  trouble  shooting  block  can  be 
made  incorrect  by  removing  a  tube;  then  the  resulting  symptoms  can  be 
noted.  It  is  possible,  also,  to  actually  destroy  a  part  in  the  live  system 
and  observe  the  effect.  It  could  be  argued  that,  with  an  obsolete  system, 
this  might  be  an  acceptable  procedure;  with  a  new  system,  of  which, 
perhaps,  only  one  prototype  exists,  it  may  not  be  practicable  to  destroy 
parts.  If  this  is  the  case,  the  best  guesses  of  the  system  analysts, 
verified  by  design  engineers,  will  have  to  suffice. 

A  requirement  to  provide  the  Army  v;ith  maintenance  training 
information  is  not  new  to  manufacturers  of  weapon  systems.  What  is 
perhaps  new  is  that  rather  specific  types  of  information  are  implied  by 
the  FORECAST  method  of  system  analysis.  It  makes  sense  that  the 
types  of  information  required  for  constructing  a  training  program  should 
be  specified  by  training  experts  rather  than  by  manufacturing  experts 
whose  principal  interests  lie  in  the  design  and  sale  of  hardware. 


Need  for  Coordination 


The  construction  of  a  new  weapon  system  is  an  extremely  involved 
task,  requiring  coordination  among  many  agencies.  In  Ordnance,  for 
example,  coordination  must  take  place  among  the  Army  Rocket  and. 
Guided  Missile  Agency,  the  Ordnance  Guided  Missile  School,  the 
Ordnance  Training  Command,  the  Office  of  the  Chief  of  Ordnance,  and 
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such  manufacturers  as  the  Bell  Telephone  Laboratories  and  Western 
Electric,  to  mention  a  few. 

Unless  advance  planning  has  provided  for  communication  channels 
nd  authorized  the  expenditure  of  funds  and  use  of  equipment  time,  the 
appropriate  information  sources  can  provide  adequate  information  to 
Twi’r*  ^  training  mock-up  only,  as  it  were,  “on  the  cuff." 

■  fr.  P  ans  must  be  made  and  funding  requested  to  obtain  sufficient 

information  to  produce  the  mock-up  in  advance  of  the  first  scheduled 
training  program  for  that  system.  This  information  is  usually  available 
at  least  a  year  before  the  date  set  for  delivery  of  the  first  production 

for  the  !  Sometimes  attempts  to  obtain  adequate  information 

for  the  construction  of  a  mock-up  are  met  with  resistance  from  those 
agencies  best  qualified  to  provide  the  information. 

Information  Validity 

It  might  be  reasoned  that  yardstick  or  check  point  data  measure¬ 
ments  on  prototype  live  equipment  are  not  meaningful,  since  there  will 
be  many  changes.  There  are  always  many  changes  to  a  weapon  system, 
even  when  the  system  has  been  in  the  field  for  years.  Modifications  ar^ 
a  fact  of  life,  but,  as  a  manufacturer  is  faced  with  a  cutoff  date  on  his  ■ 
design  so  are  the  developers  of  mock-ups.  It  is  possible  that  the  mock- 
fi  exactly  like  any  particular  on-site  system.  But,  after 

all'n+hP^  highly  unlikely  that  any  one  on-site  system  will  be  identical  with 
all  Other  on-site  systems,  since  many  systems  will  be  in  some  state  of 
modification  at  any  given  time.  In  order  that  this  up-dating  process  may 
apply  to  th^e  mock-up  as  well  as  to  real  equipment,  organizational  machin¬ 
ery  must  be  setup  to  feed  information  on  modifications  to  system  analysts 
w  o  '^se  It  to  modify  the  training  program  and  the  mock-up.  It  is 
expected,  therefore,  that  a  continual  flow  of  information  will  be  available 
to  improve  or  up-date  the  mock-up  as  improvements  are  made  in  the 
real  equipment. 


SUMMARY 

Characteristics  of  FORECAST  Mock-Ups 

Even  when  real  equipment  exists,  mock-ups  are  useful  training 
devices.  They  are  virtually  indispensable  when  real  equipment  does 
not  exist,  as  in  the  early  phases  of  system  development.  It  is  highly 
desirable  to  have  trained  repairmen  in  the  field  when  the  equipment 
reaches  the  field;  using  trouble  shooting  mock-ups  increases  the  likeli¬ 
hood  that  training  will  be  effective.  The  FORECAST  mock-up  has  the 
following  characteristics; 

(1)  It  resembles  the  real  system  to  the  extent  that  consoles 
are  oriented  correctly  to  show  location,  that  chassis  are 
oriented  properly  within  the  consoles,  and  that  check  p-oints 
are  located  correctly  on  the  chassis. 

(2)  Check  point  data  appear  at  check  points. 
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(3)  Means  are  provided  for  the  display  of  symptoms,  so  that 
the  repairman  can  use  exactly  the  same  conceptual  trouble 
shooting  techniques  on  the  mock-up  as  he  would  use  on  the 
real  equipment. 

(4)  The  mock-up  is  designed  also  to  permit  learning  energiz¬ 
ing  routines.  ^  ^ 

Activities  in  the  Design  and  Construction  of  Mock-Ups 

To  provide  the  mock-ups  with  the  above  characteristics,  the  follow¬ 
ing  activities  must  be  undertaken: 

analyzed  in  terms  of  trouble  shooting  blocks. 

2  Check  points  are  identified-at  least  one  per  block. 

(3}  Predicted  check  point  data- are  developed. 

4)  Predicted  symptoms  are  developed. 

(5)  A  study  of  written  materials,  drawings,  and  the  equipment 

self  is  undertaken  to  decide  questions  relating  to  mechani- 
cal  construction  details  of  the  mock-up. 

(6)  By  examining  real  equipment,  check. point  locations  are 
modified  to  ensure  their  accessibility. 

(7)  Predicted  check  point  data  are  verified. 

(8)  As  a  result  of  activities  6  and  7,  boundaries  of  some 
blocks  may  be  changed. 

(9)  Predicted  symptom  information  is  verified. 

(10)  The  mock-up  is  constructed  and  set  up  to  display  authen- 

ticated  symptoms  and  produce  corrected  check  point  data 
at  the  check  points. 

These  activities  are  accomplished  through  the  active  coordination 
and  cooperation  of  all  agencies  possessing  information,  the  system 
analysts  who  are  using  the  FORECAST  method  of  system  analysis,  and 
Ino  ,  research  product.  Advance  planning  and  fund 

allocation  must  be  accomplished  for  future  systems  to  provide  the 
most  rapid,  effective,  and  efficient  utilization  of  the  FORECAST 
research  results. 
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APPENDICES 


Appendix  A 


A  DESCRIPTION  OF  ELECTRONIC  WEAPON  SYSTEMS* 


This  section  provides  a  general  description  of  electronic  systems 
as  they  were  viewed  in  the  FORECAST  research.  The  description  will 
help  the  reader  understand  more  clearly  how  the  FORECAST  method  of 
systems  analysis  was  developed.  It  is  presented  in  the  terms  utilized  in 
the  study,  in  order  to  introduce  the  general  approach  taken  in  the  main¬ 
tenance  task  analysis — to  describe  and  explain  electronic  weapon  systems 
only  at  the  level  and  in  the  detail  required  for  an  accurate  definition  of 
the  repairman’s  job.  Although  the  description  uses  cue-response  terms, 
it  can  be  reconciled  with  one  using  electronic  terms. 

Major  electronic  weapon  systems  such  as  the  M-  33  look,  to  the  layman 
in  electronics,  like  a  mass  of  parts  each  of  which  seems  to  be  related 
to  every  other.  Of  course,  even  the  layman  knows  this  is  not  the  case, 
but  it  is  difficult  for  him  to  see  how  the  interrelations  can  be  put  in  a 
meaningful  pattern.  To  accomplish  rapid  trouble  shooting,  certain  pat¬ 
terns  of  relationships  and  independencies  must  be  utilized;  a  description 
of  some  which  are  employed  in  the  FORECAST  approach  are  as  follows. 

General  relationships  among  components  may  be  described  in  terms 
of  signal  flow.  There  are  many  relatively  independent  channels  of  signal 
flow  in  the  M-33  system.  A  signal  starts  from  some  type  of  signal  gen¬ 
erator;  then  it  goes  through  a  series  of  electronic  parts  which  constitute 
a  “channel”  for  the  flow.  There  are  perhaps  two  dozen  such  channels  in 
the  Tracking  Radar  subsystem  of  the  M-33 .  Each  component  in  the  channel 
changes  the  signal  slightly;  thus,  the  original  signal  is  continually  changed 
as  it  moves  along  its  channel. 

Most  of  the  channels  terminate  on  a  portion  of  the  equipment  which 
makes  the  signal  in  them  visible.  They  may  end  as  a  mark  on  a  phos¬ 
phorescent  scope,  or  as  a  meter  reading,  or  as  a  movement  of  an  antenna. 
If  a  normal  signal  appears,  all  components  in  that  channel  are  functioning 
properly.  If  a  signal  is  abnormal,  or  if  it  fails  to  appear  at  all,  a  mal¬ 
function  is  indicated.  Such  indications  are  called  “symptoms.” 

Before  the  terminal  point  of  a  channel  is  reached,  signals  may  be 
switched  from  one  channel  to  another  by  operator  controls.  An  alternate 
channel  may  have  a  different  terminal  point  than  the  original  channel, 
or  the  alternate  channel  may  lead  back  into  the  original  channel  before 
the  terminal  point.  In  some  few  instances,  two  channels  may  meet;  then 
a  new  signal  results,  which  travels  in  a  new,  third  channel. 

Visible  signals  appearing  at  the  end  of  a  channel  on  built -in  indicators 
(equipment  displays)  are  readily  available  to  repairmen.  Logically  they 
are  efficient  isolators  of  malfunctions  because  they  contain  information 
that  allows  a  distinction  to  be  made  between  parts  in  various  channels. 
For  example,  by  merely  looking  at  the  M-33  track  radar  displays  the 


This  section  is  an  excerpt  from  HumRRO  Technical  Report  63,  titled  Determining  Training 
Requirements  for  Electronic  System  Maintenance:  Development  and  Test  of  a  New  Method  of  Skill 
and  Knowledge  Analysis,  by  Edgar  L.  Shriver,  June  1960  (Task  FORECAST  I). 
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knowledgeable  trouble  shooter  can  eliminate  about  96  per  cent^  of  the 
possible  malfunctioning  parts  from  consideration.  This  narrows  the 

^  because  the  abnormal  signal  is 

affected  only  by  the  parts  in  one  channel  and  is  independent  of  the  parts 
m  other  channels.  The  trouble  shooter  has  thus  isolated  the  tnalfunS.L 
in  general  terms.  The  phrase  used  in  the  FORECAST  approach  for 
describing  this  process  is  "symptom  to  symptom  area"  identincation. 

ignals  maybe  switched  or  sidetracked  by  means  other  than  operator 
controls.  Before  the  terminal  point  of  the  charmel  is  reached,  siS 
can  be  made  visible  by  sidetracking  them  from  their  channels  with  port- 
ble  test  equipment  (voltmeter,  oscillos cope,  ammeter).  The  appearance 
f  a  si^alon  these  test  instruments  indicates  whether  all  portions  of  the 

froTportabt?  sidetrack  are  functioning  properly.  Indications 

from  portable  test  equipment  are  called  "readings  »  (voltage  or  wave  form). 

The  sidetracking  action  of  portable  test  equipment  furnishes  more 
accurate  Identification  of  the  malfunctioning  area'than  do  the  sjm^oms 

to  a"" sman^  malfunctiomng  area  or  channel  segment  can  now  be  isolated 
to  a  small  number  of  parts-in  the  M-33  system  to  less  than  one  per  cent 

parL^  ^Thfs  Tt  m  associated 

parts.  This  step  is  called  block  identification.  The  two  or  three  tubes 

and  associated  parts  are  called  a  “trouble  shooting  block”  or  a  channel 

segment  and  the  wave  form  which  would  be  affected  by  a  malfunction  of 

z  rz'bZr" 

Once  the  malfunction  is  localized  to  a  trouble  shooting  block  how 
can  the  individual  part  within  the  trouble  area  be  identified  ?  Any\ rouble 

tubeVTb"''  capacito^,  and 

mm  t'h  related  in  a  sequential  manner  and,  most  impor¬ 

tant,  they  are  all  attached  to  tube  pins.  A  tube  usually  has  seven  or  nine 
pins  or  terminal  points.  Attached  to  each  of  these  pins  is  a  chain  of 
from  one  to  about  six  parts.  These  parts,  acting  together,  produce  a 

menW  d  portable  test  equip- 

Do  m  Correct  resistances  are  known  for  each  terminal 

mdlfu'nct^''''-^’  ^  measured  change  from  the  correct  value  indicates  a 
w  c  Ifunctioning  part  in  the  chain  attached  to  that  terminal  point.  This  ' 
step  IS  referred  to  as  “tube  chain"  identification. 

Once  the  malfunction  is  reduced  to  a  short  chain  of  parts,  it  is 
simple  to  locate  the  one  part  which  is  out  of  tolerance.  Each  part  has  a 
resistance  value  which  changes  (generally  to  zero  o'r  infinity)  when  the 
par  malf^unctions .  Since  the  correct  value  for  each  part  is  known,  a 
measured  change  from  that  value  indicates  a  malfunction.  This  last  step 
IS  called  part”  identification.  Sometimes  the  circuit  attached  to  the 
tube  pm  IS  such  that  the  resistance  of  the  circuit  will  not  change  when  a 
certain  Part  in  the  circuit  malfunctions.  Under  this  condition  all  parts 
which  are  hidden”  in  the  tube  pin  circuits  are  tested  individually. 

Selection  Track  subsystem  resulted  in  the  isolation  of  about  24  channels, 

belectton  of  one  channel  from  two  dozen  would  limit  the  possibilities  to  1/24  or  about  4  per  cent 

of  the  components  m  a  subsystem.  As  all  channels  do  not  have  the  same  number  of  parts  in  them 
the  figures  used  are  averages.  ’ 
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To  recapitulate,  the  four  steps  in  identification  are: 

(1)  Symptom  to  symptom  area 

(2)  Symptom  area  to  trouble  shooting- block 

(3)  Block  to  tube  chain 

(4)  Tube  chain  to  individual  part 

These  four  steps  are  efficient  isolators  of  malfunctions.  When  the 
steps  are  performed  in  this  order,  the  greatest  number  of  parts  are 
eliminated  from  consideration  in  the  shortest  time.  This  does  not  mean- 
that  the  steps  must  be  taken  in  this  order.  In  the  extreme  case  the  last 
step,  measuring  the  resistance  of  each  part,  could  be  taken  first.  This 
eventually  would  lead  to  the  correct  identification  of  the  malfunctioning 
part,  but  much  time  and  effort  would  be  required  to  measure  each  part 
rather  than  large  groups  of  parts. 

There  is  a  characteristic  of  most  electronic  systems  that  can  be 
utilized  independently  or  as  an  integral  part  of  other  methods  of  trouble 
shooting,  or  it  may  be  completely  ignored.  A  new  chassis  can  be  substi¬ 
tuted  for  one  assumed  to  contain  the  malfunctioning  part;  if  the  assump¬ 
tion  was  correct,  substitution  of  the  new  chassis  causes  the  equipment 
to  again  function  properly. 

Signal  flow  channels  and  chains  weave  in  and  around  the  radar  sys¬ 
tem;  they  go  through  many  chassis.  Some  chassis  have  several  chan¬ 
nels  going  through  them,  and  others  have  only  portions  of  one  channel. 
Chassis  exist  because  of  the  obvious  physical  convenience  of  handling 
several  small  pieces  of  equipment  rather  than  a  single  large  one.  Chas¬ 
sis  are  connected  to  the  system  through  pressure  contacts,  so  they  may 
be  removed  from  the  equipment  without  time-consuming  unsoldering 
of  connections. 

The  characteristics  that  have  been  mentioned  are  the  key  elements 
of  the  electronic  (radar)  system.  Certain  symptoms  are  caused  by  any 
one  of  certain  identified  parts  and  no  others.  There  are  a  sufficient 
number  of  these  symptoms  that  the  entire  system  may  be  divided  into 
groups  of  parts  that  will  produce  one  of  these  symptoms  and  no  other. 

In  like  manner,  there  are  mutually  exclusive  subgroups  in  each  group, 
and  each  subgroup  produces  indications  unique  to  the  parts  in  that  sub¬ 
group.  Similarly,  within  each  subgroup  there  are  still  further  subdi¬ 
visions  and,  finally,  within  them  are  single  elements  which  consist  of  a 
throw-away  part  (e.g.,  resistor  or  capacitor). 

Maintenance  men  have  used  symptoms  and  indications  in  their 
trouble  shooting  for  years.  However,  a  method  has  not  been  developed 
for  systematically  identifying  each  symptom  cue  and  response  action. 

The  method  of  analysis  described  in  this  report  clearly  defines  a  way 
to  trouble  shoot.  End-of-channel  information  is  used  first  because  it  is 
immediately  available  from  inspection  of  built-in  indicator  displays  and 
effectively  discriminates  between  good  and  bad  channels.  Sidetracking 
action  by  portable  test  equipment  is  generally  used  next,  as  each  meas¬ 
urement  checks  a  large  group  of  parts.  In  the  final  steps,  relatively 
short  chains  of  parts  and  individual  parts  within  the  chain  are  measured 
by  resistance  meters.  This  sequence  results  in  an  efficient  trouble 
shooting  procedure  which  logically  seems  easy  to  follow,  highly  reliable, 
and  economical  of  trouble  shooting  time. 
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Appendix  B 

SUPPORT  MATERIALS* 


Various  lesson  plans  and  student  handouts  have  been  referred  to  in 
the  text.  In  this  Appendix,  brief  descriptions  and  examples  of  those 
printed  materials  are  provided. 


TROUBLE  SHOOTING  BLOCK  DIAGRAMS 

Section  2  dealt  with  the  analysis  of  a  system  into  trouble  shooting 
blocks.  To  make  use  of  this  information,  a  block  diagram  must  be  con¬ 
structed.  This  block  diagram  appears  similar  to  those  in  current  use. 
However,  current  block  diagrams  can  be  used  only  for  teaching  system 
functioning  at  a  block  level.  FORECAST-type  block  diagrams  are  used 
for  this  purpose  and  also  are  used  during  system  trouble  shooting.  They 
can  be  used  in  this  manner  because  the  contents  of  each  block  have  been 
specifically  determined  and  defined  on  schematic  diagrams  in  terms  of 
individual  parts  contained  within  each  block. 

A  FORECAST-type  block  diagram  (see  Figure  B-l)  shows  in  medium- 
width  lines  all  the  trouble  shooting  blocks  of  the  system  and  the  main 
signal  flow  between  these  blocks.  In  addition,  the  blocks  are  organized 
so  that  the  block  contents  of  chassis  and  subchassis  can  be  determined. 
This  is  a  type  of  location  information  which  is  very  useful  to  the  new 
repairman.  In  Figure  B-l,  for  example,  the  heavy  lines  are  subchassis 
boundaries  and  the  names  of  these  subchassis  are  given  in  small  print. 
Main  chassis  boundaries  are  shown  by  dot-dash  lines  with  the  name  of 
the  chassis  shown  in  large  print. 

Other  things  which  are  shown  on  the  FORECAST-type  block  diagram 
include  (l)  the  name  of  each  block,  (2)  switches  which  deal  with  main 
signal  flow,  (3)  all  important  display  indicators,  such  as  meters  and 
A-Scopes,  and  (4)  major  (signal  flow)  feedback  signal.  These  are  shown 
in  fine  lines  on  Figure  B-l. 

The  block  diagram  example  in  Figure  B-l  does  not  show  any  adjust¬ 
ment  information.  Future  FORECAST-type  block  diagrams  will  include 
information  pertaining  to  the  block  locations  of  certain  adjustments. 

This  information  can  be  presented  by  attaching  the  symbol  for  a  screw 
driver  adjustment  to  a  trouble  shooting  block.  However,  the  location  of 
all  adjustments  should  not  be  shown  on  the  diagram.  The  diagram  should 
contain  only  those  adjustments  which,  if  changed,  will  not  affect  the  out¬ 
puts  of  preceding  blocks  in  the  same  signal  channel.  The  rationale  for 
this  has  been  presented  in  Section  3,  page  53. 

There  are  a  number  of  other  things  which  could  be  placed  on  a  block 
diagram,  but  if  this  were  done  the  block  diagram  would  become  unduly 
cluttered  and  thus  difficult  to  use.  The  FORECAST  staff  has  considered 


‘A  description  of  these  and  other  FORECAST-type  materials  can  be  found  in  HumRRO 
Technical  Report  63,  op.  cit. 
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FORECAST  M-33  IFC  Trouble  Shooting  Block  Diagram:  Tracking  Subsystem 


BLOCK  DIAGRAM 


PULSE  SYNCHRONI 


ock  Diagram:  Tracking  Subsystem 


Figure  B-1 
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putting  on  block  diagrams  such  information  as  check  point  locations, 
normal  readings  at  check  points,  and  all  chassis,  even  though  some  of 
these  chassis  may  be  the  exact  duplicates  of  others.  In  the  M-33,  for 
example,  there  are  three  identical  tracking  indicators.  On  Figure  B-1 
only  one  of  these  is  shown  and  the  other  two  are  indicated.  It  is  the 
opinion  of  the  FORECAST  staff  that  such  information  should  be  located 
elsewhere.  That  is,  it  is  more  important  to  keep  the  block  diagram 
legible  than  to  include  a  vast  amount  of  trouble  shooting  information  on 
the  diagram  itself. 


OVER-ALL  SYSTEM  UNDERSTANDING 

In  Section  3,  the  use  of  symptom  information  was  described.  This 
information  is  used  to  logically  interpret  where  in  the  system  the  mal¬ 
function  might  be.  To  make  such  interpretations  requires  that  the  repair¬ 
man  have  a  clear  understanding  of  how  each  trouble  shooting  block 
contributes  to  over-all  system  functioning.  To  facilitate  the  acquisition 
of  this  knowledge,  a  block-diagram  description  should  be  written  for 
each  section  of  the  system.  Figure  B-2  presents  a  portion  of  such  a 
lesson  plan.  The  lesson  plan  can  be  written  in  quite  general  terms  but 
it  should  contain  the  following  information:  (l)  the  function  of  each 
trouble  shooting  block,  (2)  where  each  signal  of  the  system  originates, 

(3)  the  purpose  of  each  signal  flow  chain  in  the  system,  and  (4)  where 
each  signal  flows  in  terms  of  the  trouble  shooting  blocks  through  which 
it  passes. 

SYMPTOM  LESSON  PLANS 

Symptom  lesson  plans  do  not  seem  to  be  in  use  in  present  training 
programs  although  this  information  is  presented,  at  the  instructor’s 
discretion,  in  practical  exercises.  The  FORECAST  materials  are  pre¬ 
pared  to  be  presented  in  conference  sessions  as  well  as  in  practical 
exercises.  Also,  special  lesson  plans  are  prepared  for  each  of  the  four 
categories  of  symptoms  described  in  Section  3,  page  54.  These  cate¬ 
gories  were  (l)  symptoms  which  appear  on  meters,  (2)  symptoms  which 
appear  on  scopes,  (3)  control  symptoms,  or  those  which  are  related  to 
the  incorrect  operation  of  the  system,  and  (4)  symptoms  which,  regard¬ 
less  of  how  they  appear,  indicate  that  something  is  misadjusted.  Figure  B-3 
contains  a  section  on  scope  symptoms  taken  from  the  FORECAST  M-33 
IFC  training  material.  Notice  that  the  symptoms  are  related  to  the 
trouble  shooting  blocks  that  could  cause  these  symptoms. 

Two  classes  of  symptoms,  scope  and  operational  symptoms,  can  be 
fairly  easily  interpreted,  once  the  function  of  the  trouble  shooting  blocks 
is  understood.  The  interpretation  of  meter  symptoms  is  not  as  easy, 
primarily  because  it  requires  quite  a  bit  of  experience  before  the  repair¬ 
man  can  remember  the  various  ways  of  interpreting  meter  readings. 

The  FORECAST  approach  to  this  problem  has  been  to  prepare  meter- 
symptom  handouts  (see  Figure  B-4)  which  can  be  use^d  during  trouble 
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Example  From  FORECAST  M-33  iFC  Block  Diagram  Lesson: 

Tracking  Subsystem 

LESSON  PLAN 

INSTRUCTIONAL  UNIT:  STORY. 

TYPE:  Conference. 

TIME  ALLOTTED;  Fifteen  (l5)  hours. 

CLASS  PRESENTED  TO;  Class  as  designated. 

TOOLS,  EQUIPMENT,  AND  MATERIALS:  One  (l)  ea  Slide  Projector  w/screen. 

One  (l)  lined  and  one  unlined  Block  Diagram 
per  student  and  instructor. 

PERSONNEL;  None 

INSTRUCTIONAL  AIDS:  Slide  (transparent)  of  Block  Diagram. 

REFERENCES:  None 

STUDY  ASSIGNMENTS:  None 

STUDENT  UNIFORM  AND  EQUIPMENT:  Uniform;  as  designated. 

Equipment;  None. 

TROOP  REQUIREMENTS:  None 

TRANSPORTATION  REQUIREMENTS:  None 

1.  PRESENTATION. 

a.  Introduction.  (Conference,  two  minutes.) 

(1)  Objective.  The  objective  of  this  block  of  instruction  is  to  have  the  students  acquire 
familiarization  with  the  general  theory  of  how  the  Track  subsystem  of  the 

M33  operates. 

(2)  Standards.  It  is  contemplated  that,  at  the  conclusion  of  this  block  of  instruction,  the 
student  will  understand  the  sequence  of  signal  flow  and  the  nature  of  component  func¬ 
tioning  within  the  track  portion  of  the  M33. 

(3)  Reasons.  All  repairmen  must  be  familiar  with  the  signal  flow  between  and  func¬ 
tioning  of  areas  of  the  Track  subsystem  in  order  to  perform  trouble  shooting  and 
repair  on  this  equipment. 

b.  Explanation.  (Conference,  eight  hours.) 

(1)  General. 

(a)  The  direction  of  signal  flow  in  this  Block  Diagram  is  shown  by  arrow  heads. 

(b)  Description  of  Signal.  The  signals  referred  to  in  this  Block  Diagram  are  of 
many  types,  for  example,  pulse  signals,  gate  signals,  sine  waves,  target  echoes, 
and  DC  voltage. 

NOTE:  Instructor  should  depict  these  signals  on  the  chalkboard  for 
the  students. 

(c)  Size  of  blocks.  The  blocks  discussed  in  this  block  of  instruction  may 

■  contain  a  single  tube  or  several  tubes.  The  tubes  perform  the  functions  which 

give  the  blocks  their  names.  The  block  designation  or  name  for  a  tube 
or  group  of  tubes  is  for  convenience  and  will  describe  a  tube  or  group  of  tubes 
that  performs  a  necessary  function  within  the  system. 

(d)  Functions  of  blocks.  The  functions  of  the  different  blocks  will  fall  largely 
within  the  categories  of  generating  signals,  delaying  signals,  amplifying 
signals,  comparing  different  signals,  mixing  signals,  .shaping  signals,  and 
relaying  signals.  Any  other  function  performed  by  blocks  will  be  variations 
of  the  above.  Any  block  may  perform  more  than  one  function  but  this  is  the 
exception  rather  than  the  rule. 

(e)  The  signal  flow  within  the  system  is  generally  over  wires,  which  are  depicted  by 
solid  lines  between  blocks.  Signal  flow  may  be  radio  frequency  signals  in 

one  portion  of  the  system,  DC  voltages  in  another,  video  in  another  and  so  forth. 
Any  change  in  type  of  signal  flow  will  be  accomplished  by  a  block.  Mechanical 
connections  are  depicted  by  a  dashed  (•  —  •)  line  that  means  there  is  a  mechanical 
linkage  between  the  components  so  connected.  You  will  notice  that  as  lines  move 
through  the  system  there  are  slight  humps  in  some  lines  as  they  cross  other 
lines.  This  merely  indicates  that  the  lines  do  not  connect  at  that  point.  Straight 
line  connections  indicate  junctions  of  the  wires  represented  by  those  lines. 

- - (Continu  ed) - 

Figure  B-2 
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(2)  Pulse  Synchronizer. 

(a)  Everything  starts  at  the  Pulse  Synchronizer.  '  ’ 

(b)  The  Pulse  Synchronizer  gets  its  power  signal  from  a  power  supply  in  the 
radar  cabinet. 

(c)  The  Pulse  Synchronizer  generates  a  pulse  signal  1000  times  per  second. 

(Student  not  told  about  the  MTl  synchronizer  establishing  the  pulse  rate  until 
later  when  Acquisition  system  is  presented.) 

(d)  This  signal  triggers  all  activity  within  the  Track  system. 

(e)  The  signal  from  the  Pulse  Synchronizer  goes  to  the  Pre-Knock  Pulse  (ignore  at 
present)  and  to  the  Transmitter  Pulse. 

(3)  Transmitter  Pulse. 

(a)  The  Transmitter  Pulse  delays  each  pulse  from  the  Pulse  Synchronizer  before 
sending  it  to  the  Trigger  Generator. 

(b)  The  signal  remains  the  same  but  is  delayed  in  the  Transmitter  Pulse.  (lOOO  times 
per  second.) 

(c)  This  delayed  signal  is  then  sent  to  the  Trigger  Generator.  ' 

(4)  Trigger  Generator. 

in!  IT®  amplifies  (slightly)  the  signal  from  the  Transmitter  Pulse, 

lb)  l,ic  Trigger  Generator  amplifies  (increases  the  strength)  the  signal  just  enough 
to  trigger  the  next  block.  ® 

(c)  This  ampiified  signal  goes  to  the  Modulator. 

(5)  Modulator. 

(a)  The  Modulator  receives  its  signal  from  the  Trigger  Generator. 

(b  The  Moduiator  amplifies  this  pulse  signal  abourioo  times. 

I'd  Modulator  sends  this  highly  amplified  pulse  signal  to  the  Magnetron 

(6)  Magnetron. 

(a)  The  Magnetron  receives  its  signal  from  the  Modulator, 
tb)  The  Magnetron  gives  this  pulse  signal  a  radio  frequency  (RF)  (which  can  be 
varied  by  adjustment)  and  transmits  (or  broadcasts)  this  frequency  through  the 
\Vavc  Guide.  ® 

(7)  Wave  Guide. 

(a)  The  Wave  Guide  receives  radio  frequency  waves  from  the  Magnetron 

(b)  The  Wave  Guide  is  essentially  a  rectangular  hollow  tube  which  guides  these  radio 
frequency  waves  from  the  Magnetron  to  the  lens  of  the  tracking  antenna  and  to 
the  AFC  Mixer. 

(8)  Lens  (Tracking  Antenna,  outgoing  waves). 

(a)  The  lens  of  the  tracking  antenna  receives  radio  frequency  waves  through  the 

Wave  Guide.  b  '■ 

(b)  The  lens  causes  these  radio  frequency  waves  to  be  transmitted  in  a 
given  direction. 

(c)  The  radio  waves  leaving  the  lens  arc  transmitted  into  space. 

(9)  Target. 

(a)  Radio  frequency  waves  are  transmitted  into  space  by  the  antenna  as 
described  above. 

0))  If  the  waves  hit  NO  targets,  they  are  dissipated  in  space. 

(c)  If  the  waves  engage  anything  of  density  such  as  airplanes,  smoke  stacks,  trees, 
clouds,  snowfall  or  fog  banks,  they  bounce  off  these  dense  bodies  and  at  least 
some  will  bounce  back  to  the  lens  of  the  antenna.  These  returning  waves  are 
called  target  echo. 

(10)  Lens  (Tracking  Antenna,  incoming  target  echo). 

a)  A  few  of  the  target  echoes  will  strike  the  lens  (lOOO  times  per  second). 

(bj  The  lens  deflects  these  target  echoes  through  the  Scanner  (disregard  at  present) 
into  the  Wave  Guide.  The  duplexer  in  the  Wave  Guide  distinguishes  the  incoming 

t  ^  ®  Signals  and  channels  them  in  the  appropriate  directions. 

illj  Wave  Guide  and  Duplexer, 

(a)  The  target  echoes  are  fed  by  the  lens  into  the  Wave  Guide. 

(b)  The  duplexer,  which  is  located  in  the  Wave  Guide,  separates  the  incoming  target 
echoes  from  the  outgoing  pulses  and  directs  the  target  echoes  into  the 
Receiver  Mixer. 

{iZ)  Receiver  Mixer. 

(a)  The  Receiver  Mixer  receives  a  signal  both  from  the  Wave  Guide  and  from  the 
Local  Oscillator.  • 

(b)  The  function  of  the  Receiver  Mixer  is  to  mix  the  target  echo  and  the  signal  from 
the  Local  Oscillator. 

(c)  The  signal  from  the  Receiver  Mixer  goes  to  the  IF  Pre-Amp. 


Figure  B-2  (Continued) 
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Example  From  FORECAST  M-33  IFC  Scope  Symptoms  Lesson  Plan: 
Tracking  Subsystem 


LESSON  FLAN 


INSTRUCTIONAL  UNIT:  SYMPTOMS. 

.  TYPE:  Conference. 

TIME  ALLOTTED;  Six  (6)  hours. 

CLASS  PRESENTED  TO;  Class  as  designated. 

TOOLS,  EQUIPMENT,  AND  MATERIALS;  One  lined  Block  Diagram  per  student  and  instructor. 

PERSONNEL;  None 

INSTRUCTIONAL  AIDS;  Chalkboard,  w/chalk. 

REFERENCES:  None 

STUDY  ASSIGNMENTS;  None 

STUDENT  UNIFORM  AND  EQUIPMENT;  Uniform,  as  designated.  Equipment,  None. 

TROOP  REQUIREMENTS:  None 

TRANSPORTATION  REQUIREMENTS;  None 

1.  PRESENTATION.  (Conference,  six  hours.) 

a.  Introduction.  (Conference,  three  minutes.) 

(1)  Objective.  The  objective  of  this  period  of  instruction  is  to  have  the  students  acquire 
a  knowledge  of  the  symptoms  presented  by  common  MSS  malfunctions. 

(2)  Standards.  The  students  should,  at  the  conclusion  of  this  period  of  instruction,  be 
able  to  recognize  and  interpret  all  the  symptoms  discussed  in  this  unit  of  instruction. 

(3)  Reasons.  The  accurate  interpretation  of  symptoms  is  the  foundation  for  efficient  and 
accurate  trouble  shooting. 

b.  Explanation.  (Conference,  two  hours.) 

(1)  General.  Symptoms  are  the  manifestation  of  a  malfunction.  To  appreciate  symptoms 
properly,  we  must  approach  a  malfunctioning  MSS  systematically.  We  must  attempt 
to  completely  energize  the  system,  to  include  scope  intensities,  and  attempt  to  oper¬ 
ate  the  set  in  Manual  Aided  and  Automatic  in  all  scope  modes.  W'e  assume  only  one 
malfunction  occurs  at  any  given  time. 

(2)  Scope  Symptoms.  In  the  interpretation  of  scope  symptoms,  we  should  first  determine 
what  is  missing  from  or  wrong  with  the  scopes.  We  should  then  determine  how  many 
scopes  present  this  malfunction-one,  two,  or  three.  We  should  then  find  where  a  sig¬ 
nal  starts  that  could  cause  this  malfunction  to  occur  and  we  will  find  our  malfunction 
between  where  it  might  be  and  where  it  is  proven  not  to  be. 

(a)  Grass  is  to  a  scope  what  static  is  to  a  radio.  It  is  fed  into  the  system  from 
between  the  Pulse  Synchronizer  to  the  IF  Pre-Amp.  There  are  many  sources  of 
grass  and  not  all  of  them  will  malfunction  at  the  same  time;  so,  if  we  don’t  have 
grass  on  the  scope,  it  is  caused  by  a  malfunction  in  some  box  passing  the  grass 
(IF  Pre-Amp  to  Video  Notch  Mixer),  not  something  generating  the  grass.  If  we 
don't  have  grass  we  will  not  have  Target  Echo. 

(b)  Target  Echo.  If  we  can’t  get  Target  Echo  on  the  face  of  the  scope  and  we  have 
grass,  our  malfunction  then  must  be  in  some  block  behind  the  IF  Pre-Amp. 

(c)  100  Yard  Notch.  If  all  three  scopes  are  missing  the  100  Yard  Notch,  it  must  be  a 
malfunction  in  something  generating  or  passing  the  100  Yard  Notch  (not  wjthin  the 
tracking  indicator).  If  we  have  an  Expanded  Sweep  on  the  face  of  the  scopes  we 
know  that  the  Network  Driver  is  receiving  adequate  signal.  Our  malfunction  must 
be  between  the  Network  Driver  and  the  Video  and  Notch  Mixer.  (The  Video  and 
Notch  Mixer  can  pass  Video  and  not  pass  the  Notch  signal.)  If  we  have  no  100  Yard 
Notch  on  one  scope  the  malfunction  must  then  be  in  the  Track  Video  Amplifier  the 
only  block  dealing  with  vertical  signals  within  a  single  tracking  indicator. 

(dj  Main  Sweep.  ^ 

.  (Continued) - ^ - - 
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1)  If  we  have  no  Main  Sweep  on  any  scope,  the  malfunction  must  be  in  the  Pre- 
Knock  Pulse  or  the  Pulse  Synchronizer.  If  the  Magnetron  will  energize,  we 
know  It  IS  Pre-Knock  Pulse;  contrarywise,  if  the  Magnetron  will  not  energize, 
we  know  our  malfunction  must  be  in  the  Pulse  Synchronizer. 

2)  If  we  have  no  Main  Sweep  on  one  scope,  our  malfunction  must  be  between  the 
Sweep  Generator  and  the  Amplifier  and  Displacer. 

(e)  500  Yard  Expanded  Sweep. 

1)  If  we  have  no  500  Yard  Expanded  Sweep  on  three  scopes,  our  malfunction  must 
be  between  the  500  Yard  Expanded  Sweep  and  the  Main  Gate  Generator  (Pres¬ 
ence  of  Main  Sweep  tells  us  that  Pre-Knock  Pulse  is  functioning  properly.) 

NOTE.  Explain  at  this  point  that  the  Acq-Trk  Range  Mark  will  not  affect  the 
presence  or  absence  of  the  500  Yard  Expanded  Sweep  in  any  way. 

2)  If  we  have  no500  Yard  Expanded  Sweep, we  will  have  no  100  Yard  Notch  and  we  won’t 
be  able  to  Auto  Trk  in  Range.  (The  Network  Driver  will  not  be  functioning.) 

•  Expanded  Sweep  on  one  scope  indicates  a  malfunction 

in  the  Expanded  Sweep  Amplifier  or  the  Sweep  Mixer. 

Target  Echo  missing  from  the  face  of  one  scope.  (Grass  is  present.)  Our  mal¬ 
functioning  must  be  behind  the  IF  Pre-Amp.  Presence  of  Main  Bang  on  the  scope 
teEs  whether  or  not  the  Magnetron  is  working. 

No  electronic  cross  Indicates  a  malfunction  between  the  Pip  Gate  Generator  and 
the  Acq-Trk  Range  Gate.  No  electronic  cross  and  no  500  Yard  Expanded  Sweep 
indicates  a  malfunction  in  tlie  Pip  Selector  or  the  Acq-Trk  Range  Gate.  Absence 
of  500  Yard  Expanded  Sweep,  but  presence  of  electronic  cross,  means  that  the 
Pip  Gate  Generator  and  the  Pip  Selector  are  not  stopping  the  electronic  cross 
signal,  but  the  Acq-Trk  Range  Gate  may  be.  - 

(h)  Absence  of  all  vertical  signals  on  all  scopes  indicates  malfunction  in  the  Video 
and  Notch  Mixer.  It  can  pass  Video  and  not  pass  the  Notch  signal,  or  the  cor.-'rarv 
may  be  true  or  It  may  pass  neither  Video  nor  Notch  signal. 

(i)  Any  distortion  of  vertical  scope  presentation  of  just  one  scope  is  caused  by  a 
malfunction  in  the  Track  Video  Amplifier. 

(j)  Presence  of  one  rather  than  two  Target  Echoes  in  NORMAL  and  SELECTED 
signal  on  both  the  Azimuth  and  Elevation  scopes  indicates  a  malfunction  in  the 
Lobing  Generator.  The  same  condition  on  only  one  scope  indicates  a  malfunction 
in  the  Amplifier  and  Displacer. 

(k)  No  light  of  any  sort  on  one  scope  indicates  that  that  scope  is  bad.  (Or  that  the 
scope  itself  is  malfunctioning.) 

(3)  Operational  Symptoms. 


(f) 


,(g) 


(a) 


(b) 


(c) 


(d) 


(e) 


Failure  to  track  in  Manual  in  Range  may  be  caused  by  a  malfunction  in  one  of 
the  following  blocks;  Handwheel,  Handwheel  Drive,  Coupling  Network,  Low 
Power  Servo  Amp  Rj,,  Auto  Relay,  or  motor. 

Failure  to  track  in  Aided  in  Range,  Elevation,  or  Azimuth  when  the  system  will 
track  manually,  may  be  caused  by  a  malfunction  in  the  Rate  Control,  a  connection 
between  the  Handwheel  Drive  and  the  Rate  Control,  or  in  the  Coupling  Network. 
Failure  to  track  automatically  in  Range  (range  only),  if  the  system  will  track  in 
Manual  and  Aided,  is  caused  by  a  malfunction  in  the  Range  Balance  Modulator 
Range  Balance  Network,  Coupling  Network,  Low  Power  Servo  Amp  Rn,  Auto 
Relay,  or  the  motor.  .  ^ 

Failure  to  Auto  Track  in  Range,  Elevation,  and  Azimuth  (Coast  Disable  switch  in 
Coast  position)  is  caused  by  a  malfunction  in  the  Network  Driver,  Range  Gate, 
Non- Delay  and  Delay  Modulator,  or  Auto-Aid-Man  Selector. 

Failure  to  track  manually  in  either  Azimuth  or  Elevation  is  caused  by  a  malfunc¬ 
tion  in  the  Handwheel,  Handwheel  Drive,  Coupling  Network,  Low  Power  Servo 
Amp  Rh,  or  Low  Power  Servo  Amp  Aj,,  Auto  Relay,  Intermediate  Drive,  Low 
Power  Servo  Pre-Amp,  Low  Power  Servo  Amp,  Main  Drive,  or  Antenna. 

— - - - (Continued) - - - - 


Figure  B-3  (Continued) 


91 


(f)  Failure  to  Auto  Track  in  both  Elevation  and  Azimuth  is  caused  by  a  malfunction 
in  the  Sine  Wave  Detector,  Sine.  Wave  Smoother,  or  Lobing  Generator. 

(g)  Failure  to  Auto  Track  in  either  Elevation  or  Azimuth  (not  both)  is  caused  by  a 
malfunction  in  the  Lobing  Reference  Amplifier,  Phase  Detector,  Balanced  Modu¬ 
lator,  or  Auto  Relay. 

(h)  Failure  to  continue  tracking  lost  target  is  caused  by  a  malfunction  in  the  feed¬ 
back  chain. 

2.  APPLICATION.  (Conference  three  and  one  half  hours.) 

Present  symptoms  and  question  students  on  what  blocks  could  malfunction  to  cause 
that  scope  symptom  to  appear. 

3.  REVIEW.  (Conference,  one  half  hour.) 

a.  Clarify  points  of  difficulty  by  asking  students  if  they  have  any  questions. 

b.  Summary. 

(1)  Review  major  symptoms. 

(2)  Reiterate  important  scope  symptoms  on  one  or  three  scopes. 

c.  Closing  statement.  The  study  of  symptoms  is  the  most  important  subject  we  have  yet 
discussed.  Accurate  interpretations  of  the  symptoms  is  the  foundation  for  efficient 
trouble  shooting. 

Figure  B-3  (Continued) 


Meter  and  AFC  Hunt  Lamp  Symptoms  (M-33  Track) 


HV  (High  Voltoge)  Meter 

a.  Normol  reodings:  Mognetron  current  -  6  (Adjustoble) 

Power  Supply  current  -  45 
Power  Supply  voltoge  -  8 

b.  Power  Supply  reading  high  in  current,  low  in  voltoge  -  MAGNETRON  or  MODULATOR 

c.  Power  Supply  reoding  low  in  current,  high  in  voltoge  -  MAGNETRON,  MODULATOR 
TRIGGER  GENERATOR,  or  TRANSMITTER  PULSE. 

d.  Power  Supply  reoding  high  in  current  ond  low  in  voltoge  plus  o  zero  reoding  on  the  RC 

meter  -  MODULATOR.  9  n  rne  nv. 


RC  (Reverse  Current)  Meter 
o.  Normol  reoding  -  6-10 

b.  High  reoding  -  MAGNETRON  or  MODULATOR 

c.  Low  reoding  (.0-4)  -  MODULATOR 

AFC  and  Signal  CC  (Crystol  Current)  Meters 

o.  Normol  reoding  for  both  -  0.5  to  2.0  (should  be  odjusted  to  1.75). 

b.  AFC  CC  good  ond  Sig  CC  bod  -  RECEIVER  MIXER. 

c.  AFC  CC  bod  ond  brief  deflections  every  10  seconds  on  Sig  CC  meter  -  AFC  MIXER 

d.  AFC  CC  bod  ond  Sig  CC  bad  -  LOCAL  OSCILLATOR  or  TUNNING  DRIVE. 

e.  AFC  CC  bod  ond  Sig  CC  bod  except  for  brief  deflections  on  both  meters  every  10 
seconds  -  LOCAL  OSCILLATOR,  OSCILLATOR  ALTERNATOR,  or 

AFC  DISCRIMINATOR. 

f.  AFC  CC  ond  Sig  CC  pegged  high  or  reods  zero  -  Bod  TR  tube  in  DUPLEXER. 

AFC  Hunt  Lomp 

o.  AFC  lomp  chonges  sides  every  10  seconds  ond  doesn’t  begin  to  flicker  within  60 
seconds  -  AFC  DISCRIMINATOR,  OSCILLATOR  ALTERNATOR,  or 
LOCAL  OSCILLATOR. 

b.  AFC  lomp  completely  out  or  remains  lit  on  one  side  for  more  thon  60  seconds  -  AFC 

SEARCH  PULSE  or  OSCILLATOR  ALTERNATOR. 

NOTES; 

a.  Check  HV  meter  before  checking  RC  meter. 

b  When  malfunction  is  isoloted  to  either  the  mognetron  or  the  modulotor,  use  dummy  lood 
to  check  out  modulotor. 
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shooting.  These  handouts  list  the  correct  readings  for  each  meter  and 
also  the  various  blocks  that  could  contain  a  fault  if  particular  patterns 
of  incorrect  meter  readings  are  obtained. 

Adjustment  symptomsmay  also  be  difficult  to  remember.  Figure  B-5 
shows  a  portion  of  a  FORECAST-devised  adjustment  handout  for  the 
M-33  IFC  system.  This  handout  contains  most  of  the  information  needed 
to  interpret  adjustment  symptoms  or  to  make  adjustments.  The  newer 
military  adjustment  manuals  present  adjustment  information  in  a  some¬ 
what  similar  fashion,  and  therefore  special  adjustment  handouts  may 
not  be  required. 


TECHNICAL  MANUALS  OF  SCHEMATIC  DIAGRAMS 

One  of  the  primary  purposes  of  organizing  a  system  into  trouble 
shooting  blocks  is  so  that  the  repairman  can  readily  determine  what 
parts  he  is  checking  at  a  particular  point.  This  information  is  originally 
obtained  from  an  analysis  of  manuals  containing  schematic  diagrams. 
The  information  is  communicated  to  the  repairman  through  simple 
modifications  of  these  same  manuals.  These  modifications  consist  of 
taking  each  schematic  diagram  and  drawing  lines  around  those  parts 
that  constitute  a  particular  trouble  shooting  block.  Figure  11  shows  an 
example  of  how  this  is  done.  Of  course,  it  is  time-consuming  to  go 
through  many  manuals  drawing  lines  around  certain  parts.  Actually,  this 
should  be  done  before  the  manuals  are  printed  in  final  form.  In  this  way 
block  boundaries  would  be  just  one  of  the  many  items  of  information 
printed  on  a  schematic  diagram. 

It  can  be  seen  from  Figure  11  that  drawing  block  boundaries  on  the 
usual  type  of  schematic  diagram  may  have  the  result  that  the  parts  of 
one  particular  block  are  scattered  over  much  of  the  diagram.  This 
problem  could  be  partially  handled' by  redrawing  the  schematic  diagram. 
It  is  possible,  also,  to  have  a  separate  diagram  for  each  trouble  shoot¬ 
ing  block.  This  latter  procedure  has  been  tried  in  a  FORECAST  pilot 
study,  but  it  was  not  as  effective  as  the  procedure  of  drawing  block 
boundaries  on  existing  military  schematic  diagrams.  This  was  because 
of  the  difficulty  in  seeing  the  relations  among  the  various  blocks  located 
on  the  same  chassis  when  the  diagrams  of  these  blocks  appeared  on 
separate  pages.  Then,  too,  common  parts  must  be  shown  on  more  than 
one  diagram  when  individual  block  pages  are  used.  Therefore,  the  best 
procedure  seems  to  be  to  use  the  present  type  of  chassis  schematic 
diagram,  but  redrawn  to  show  the  parts  of  each  block  grouped  closely 
together  wimin  printed  block  boundaries. 

There  are  oT"  items  of  information  which  could  appear  on  a 
schematic  diagram;  for  example,  a  list  of  the  parts  common  to  more 
than  one  block,  and  the  location  of  block  check  points. 
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